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Disclaimer 

The contents of this work are intended to further general scientific 
research, understanding, and discussion only and are not 
intended and should not be relied upon as recommending or 
promoting a specific method, diagnosis, or treatment by 
practitioners for any particular patient. The publisher and the 
author make no representations or warranties with respect to the 
accuracy or completeness of the contents of this work and 
specifically disclaim all warranties, including without limitation 
any implied warranties of fitness for a particular purpose. In view 
of ongoing research, equipment modifications, changes in 
governmental regulations, and the constant flow of information 
relating to the use of medicines, equipment, and devices, the 
reader is urged to review and evaluate the information provided in 
the package insert or instructions for each medicine, equipment, 
or device for, among other things, any changes in the instructions 
or indication of usage and for added warnings and precautions. 
Readers should consult with a specialist where appropriate. The 
fact that an organization or Website is referred to in this work as 
a citation and/or a potential source of further information does 
not mean that the author or the publisher endorses the 
information the organization or Website may provide or 
recommendations it may make. Further, readers should be aware 
that Internet Websites listed in this work may have changed or 
disappeared between when this work was written and when it is 
read. No warranty may be created or extended by any 
promotional statements for this work. Neither the publisher nor 
the author shall be liable for any damages arising herefrom. 
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Chapter 1 


Tooth Retention and Implant Placement: 
Developing Treatment Algorithms 


Paul A. Fugazzotto, DDS and Sergio De Paoli, MD, DDS 


Outline 
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Clinical Example Three 
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Teeth 
Scenario Four: A Missing Maxillary First Molar, When 
the Second Molar Is Present 
Eliminating less predictable therapies through 
implant use 
Clinical Example Seven 
The influence of patient health on treatment plan 
selection: 
Conclusions 


There is no doubt that the introduction and evolu- 
tion of regenerative and implant therapies affords 
clinicians the opportunity to provide patients with 
previously undreamt-of treatment outcomes. How- 
ever, such therapeutic approaches must not be vi- 
sualized as an end to themselves. 

The goals of conscientious and comprehen- 
sive therapy remain the maximization of patient 
comfort, function, and esthetics in both the short 
and long terms. While it has become popular to 
speak of paradigm shifts in clinical dentistry, these 
shifts represent nothing more than alterations in 


the treatment approaches utilized to attain the 
aforementioned therapeutic goals. In addition, ef- 
forts must be made to utilize the least involved 
and least expensive therapies possible for ensuring 
these treatment outcomes. 

Maximization of oral health and amelioration 
of patient concerns remain the sine qua non of 
ethical practice. When considering the utilization 
of various regenerative or implant reconstructive 
approaches, it is important to listen to patient de- 
sires, determine patient needs, and ensure that the 
therapy to be employed is truly in the best inter- 
ests of the patient. These interests may not always 
be optimally served through use of tooth extrac- 
tion, complex regenerative therapies, and place- 
ment of multiple implants. Such treatment options 
should never be viewed as a means by which to 
supplant all other therapeutic approaches. Rather, 
a thorough understanding of the predictability of 
appropriately performed therapies around natural 
teeth is crucial to the formulation of an ideal treat- 
ment plan for a given patient. This treatment plan 
is based on a precise diagnosis of the patient’s con- 
dition, and recognition of all contributing etiolo- 
gies. Such a diagnosis takes into consideration the 
entire dentition, treating each site as both an indi- 
vidual entity, and a component in the masticatory 
unit. 

Nowhere is this fact more evident than when 
considering management of the periodontally dis- 
eased dentition. 

When faced with active periodontal disease, 
one of seven therapies may be employed. 


e No treatment: Such a decision may be due to 
the patient’s refusal of active therapy; or the 
patient’s physical, financial, or psychological 
inability to undergo the necessary treatments. 
In such a scenario, it is imperative that the 
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patient be made aware of the short- and long- 
term risks to both his or her oral and overall 
health represented by such a decision. It is im- 
portant to realize that periodontal disease is a 
self-propagating disease. If no active therapy is 
carried out to halt disease progress, extension 
of the disease will result in tooth loss. When a 
patient chooses to pursue no active therapy, it 
is imperative that this concern be explained to 
the patient, and that every effort be made to 
both motivate the patient to seek treatment, 
and to adapt the treatment to the individual 
patient and the specific characteristics of his 
or her problems. 


Regardless of which active therapeutic course is 
chosen, patients are always instructed in appropri- 
ate plaque control measures, so as to obtain an 
acceptable level of home debridement and bacte- 
rial control. A reevaluation is then carried out to 
determine which sites have healed through only 
the patient’s plaque control efforts, and which ar- 
eas still demonstrate signs of inflammation. Such 
a reevaluation is carried out in concert with a pa- 
tient’s specific risk assessment. 


Subgingival debridement and institution of 
a regular professional prophylaxis schedule: 
While this option seems attractive to many 
clinicians and patients, it is important to real- 
ize that, in many cases, such an approach does 
not halt the ongoing periodontal disease pro- 
cesses when significant pocketing is present. 
At best, the rate of attachment loss is slowed. 
This treatment option is indicated for patients 
who are physically, financially, or psycholog- 
ically unable to undergo more comprehensive 
therapy, but who would at least agree to pe- 
riodic debridement and prophylaxis in an at- 
tempt to delay tooth loss. This option is most 
appropriate for patients of an advanced age, 
who have demonstrated moderate attachment 
loss. Younger patients, or older patients with 
more aggressive periodontal disease problems, 
are less suited to actuarial therapeutic regi- 
mens. In addition, the potential dangers to ad- 
jacent teeth must be recognized and planned 
for. 

Surgical therapies aimed at defect debride- 
ment and/or pocket reduction: As explained 
above, these treatment approaches represent 
a significant compromise in therapy. A patient 
who has undergone surgical intervention is 


left with a milieu which is highly susceptible to 
further periodontal breakdown. It is important 
to consider the need for retreatment and the 
potential damage to the attachment apparati 
of adjacent teeth. This treatment option offers 
minimal advantages over the aforementioned 
treatment approach, and no advantages com- 
pared to the subsequent treatment approach. 
Resective periodontal surgical therapy, 
including elimination of furcation in- 
volvements, in an effort to ensure a 
posttherapeutic attachment apparatus char- 
acterized by a short connective tissue at- 
tachment to the root surface, a short junc- 
tional epithelial adhesion, and elimination 
of probing depths greater than 3 mm: This 
treatment approach offers the greatest chance 
of preventing reinitiation of periodontal dis- 
ease processes. However, such a treatment 
regimen must be utilized appropriately. Os- 
seous resective therapy that results in irre- 
versible compromise of a given tooth, the 
initiation of secondary occlusal trauma due 
to reduced periodontal support and a poor 
crown to root ratio, or an esthetically unac- 
ceptable treatment result should not be con- 
sidered ideal therapy. The advent of regenera- 
tive and implant therapies affords additional 
treatment options in previously untenable 
scenarios. 

Periodontal regenerative therapy aimed at 
rebuilding lost attachment apparatus and 
surrounding alveolar bone: Long viewed as 
an ideal to be strived for, periodontal regener- 
ative therapy has a history of misunderstand- 
ing, misuse, and abuse. There is no doubt 
that predictable regenerative techniques are 
available for utilization in appropriate defects. 
There is also no doubt that the indications 
for the employment of these therapies are 
poorly understood. The net result is inconsis- 
tent treatment outcomes and condemnation of 
otherwise useful therapies by a large number 
of clinicians. When utilized in the appropriate 
manner in stringently selected defects, guided 
tissue regeneration yields highly predictable 
treatment outcomes. The advent of new mate- 
rials offers the potential for even more impres- 
sive regenerative results. Unfortunately, the 
field of periodontal therapy continues to be 
handicapped by an incomplete understanding 
of diagnostic and technical criteria for success 


with regenerative therapy. Many of these cri- 
teria have been elucidated in a previous publi- 
cation (1). Advances in tissue engineering also 
offer preliminary regenerative results which 
are highly impressive. However, while the use 
of available growth factors is promising, the 
precise parameters of utilization, questions of 
cost, and reasonable treatment results are yet 
to be defined. 

e Tooth removal with either simultaneous re- 
generative therapy and implant insertion or 
guided bone regeneration with subsequent 
implant placement and restoration: While 
highly predictable in almost every situation, 
regenerative and implant therapies must not 
be viewed as a panacea. To remove teeth, 
which may be predictably maintained through 
more conservative therapies and which will 
yield acceptable treatment outcomes, is un- 
conscionable. However, to maintain compro- 
mised teeth which will eventually be lost, or 
to subject a patient to an inordinate amount of 
therapy or expense to keep teeth which may 
be more simply and predictably replaced by 
implants, is unacceptable. 

e A combination of the above therapies: An 
uncomfortable and irresponsible dichotomy is 
developing in which the patient is viewed as 
either a “periodontal patient” or an “implant 
patient.” A patient is neither. 


Prior to the initiation of active therapy, a thorough 
examination and diagnosis must be carried out, and 
a comprehensive interdisciplinary treatment plan 
must be formulated. A high-quality full series of ra- 
diographs must be taken. When necessary, three- 
dimensional images are utilized as well. Panorex 
films are not utilized, as their accuracy is insuffi- 
cient for providing useful information for compre- 
hensive therapy. The components of a thorough 
clinical examination, including periodontal probing 
depths, hard and soft tissue examination, models 
and facebow records, are well established and will 
be discussed in subsequent chapters. However, it 
is important to realize that a thorough examination 
begins with an open discussion with the individual 
patient. It is crucial that the clinician determines 
the patient’s needs and desires. In this way, treat- 
ment plans may be formulated which are in the 
best interest of the patient and which represent a 
greater value for the patient. 
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Prior to formulating a comprehensive treat- 
ment plan, all potential etiologies must be iden- 
tified and assessed. In addition to systemic fac- 
tors, these etiologies include periodontal disease, 
parafunction, caries, endodontic lesions, and 
trauma. 

The treating clinician should always formu- 
late an “ideal” treatment plan and present it to ev- 
ery patient. Appropriate and predictable treatment 
alternatives must be offered to the patient, thus al- 
lowing the patient to choose the treatment option 
to which he or she is best suited physically, finan- 
cially, and psychologically. 

Clinicians who fail to incorporate regenerative 
and implant therapies into their treatment arma- 
mentaria are depriving their patients of predictable 
therapeutic possibilities which afford unique treat- 
ment outcomes in a variety of situations. 

Regenerative and implant therapies impact 
the partially edentous patient in a number of ways, 
including: 


e replacement of less predictable therapies 
e replacement of more costly therapies 

e augmentation of existing therapies 

e introduction of newer therapies 


Conversely, teeth which can be predictably re- 
stored to health through reasonable means should 
be maintained if their retention is advantageous to 
the final treatment plan. Clinicians who claim to be 
implantologists, performing only implant therapy 
while ignoring periodontal and other pathologies, 
do patients a disservice. Such clinicians include 
practitioners who either perform inadequate pe- 
riodontal therapy to predictably halt the disease 
process, or remove teeth which could be treated 
through straightforward periodontal techniques. 

It is inconceivable that any clinician would 
see only patients who require implant therapy, 
and demonstrate periodontal, endodontic, restora- 
tive, and occlusal health around all remaining teeth 
which are not to be extracted. This trend toward 
metallurgy at the expense of ethical, comprehen- 
sive care must be avoided at all times. 


Resective Therapy: Applicable 
Today? 


Pocket elimination has long been advanced as one 
of the primary end points of periodontal ther- 
apy. An excellent review of the evolution of the 
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treatment modalities employed in pursuit of this 
goal has been published in the Proceedings of the 
World Workshop in Clinical Periodontics (2). A fre- 
quently utilized procedure when seeking pocket 
elimination is osseous resective surgery. Unfortu- 
nately, the ultimate objectives of this approach are 
rarely elucidated correctly and comprehensively. 

The World Workshop states the objectives of 
osseous resective surgery as follows: 


1. pocket elimination or reduction 

2. a physiologic gingival contour that tightly 
adapted to the alveolar bone and apical to 
the presurgical position 

3. a clinically maintainable condition 


This formulation is incomplete. The primary goal 
of pocket elimination therapy is to deliver to the 
patient an environment which is conducive to pre- 
dictable, long-term periodontal health, both clini- 
cally and histologically. With this fact in mind, the 
aforementioned objectives should be expanded to 
read: 


1. Pocket elimination or reduction to such a level 
where thorough subgingival plaque control is 
predictable for both the patient and the prac- 
titioner. 

2. A physiologic gingival contour is conducive 
to plaque control measures. This would in- 
clude the elimination of soft tissue concavi- 
ties, in the area of the interproximal col and 
elsewhere, soft tissue clefts, and marked gin- 
gival margin discrepancies. 

3. The establishment of the most plaque- 
resistant attachment apparatus possible. This 
includes the elimination of long epithelial re- 
lationships to the tooth surface, where possi- 
ble, and the minimization of areas of nonker- 
atinized marginal epithelium. 

4. The elimination of all other physical rela- 
tionships which compromise patient and pro- 
fessional plaque control measures. These in- 
clude furcation involvements and subgingival 
restorative margins. 

5. A clinically maintainable condition will 
evolve as a result of the previous four criteria 
having been met. 


In short, pocket elimination is seen as a means 
of maintaining the plaque-host equilibrium in the 
host’s favor by closing the window of host vul- 
nerability as much as possible. While not al- 
ways a realistic end point, this goal is most pre- 


dictably maximized through pocket elimination 
procedures. 


Two important questions present themselves: 


Are the principles behind pocket elimination 
conceptually sound? 

Does the clinical literature support the continued 
use of pocket elimination therapy? 


The Rationale for Pocket 
Elimination Procedures through the 
Use of Osseous Resective 
Techniques 


Periodontal pockets have long been recognized 
as complicating factors in thorough patient and 
professional plaque control. Waerhaug has shown 
that flossing and brushing are only effective to 
a depth of about 2.5 mm _ subgingivally (3). 
Beyond this depth, significant amounts of plaque 
remain attached to the root surface following a pa- 
tient’s oral hygiene procedures. Professional pro- 
phylaxis results are also compromised in the pres- 
ence of deeper pockets. The failure of root planing 
to completely remove subgingival plaque and cal- 
culus in deeper pockets is well documented in the 
literature (4-8). Through the examination of ex- 
tracted teeth which had been root planed until they 
were judged plaque-free by all available clinical pa- 
rameters, Waerhaug demonstrated the correlation 
between pocket depth and failure to completely re- 
move subgingival plaque (3). Instrumentation of 
pockets measuring 3 mm or less was successful 
with regard to total plaque removal in 83% of the 
cases. In pockets of 3-5 mm in depth, 61% of the 
teeth exhibited retained plaque after thorough root 
planing. When pocket depths were 5 mm or more, 
failure to completely remove adherent plaque was 
the finding 89% of the time. Tabita (9) noted that 
no tooth demonstrated a plaque-free surface 14 
days after thorough root planing, if the pretreat- 
ment pocket depths were 4-6 mm. This was true 
even though patients exhibited excellent supragin- 
gival plaque control. 

Reinfection of the treated site is a result of 
three different pathways (3, 9): 


(a) Plaque that remains in root lacunae, grooves, 
etc. will begin to multiply and repopulate the 
root surface following therapy. 


(b) Plaque which is adherent to the epithelial 
lining of the pocket will repopulate the root 
surface after healing. It has been demon- 
strated that, even if curettage is intentionally 
performed in conjunction with root planing, 
complete removal of the epithelial lining of 
the pocket is not a common finding (10-12). 

(c) Supragingival plaque will extend subgingi- 
vally, beyond the reach of the patient, and 
adhere to the root surface. 


The magnitude of the limitations imposed upon 
proper plaque removal and control by pocket 
depths led Waerhaug to state: “If the pocket depth 
is more than 5 mm, the chances of failure are so 
great that there is an obvious indication for surgical 
pocket elimination” (3). 

In the absence of deep probings, poor soft 
tissue morphology may contribute to increased 
plaque accumulation. Deep, sharp clefts, and 
marked soft tissue marginal discrepancies in ad- 
jacent areas have been implicated as factors con- 
tributing to inadequate patient plaque control (13). 
Interproximally, the morphology of the soft tissue 
col must be considered. If the buccal and/or lingual 
peaks of tissue are coronal to the contact point, the 
gingiva must “dip” under the contact point to reach 
the other side, resulting in a concave col form (14- 
16). When the col tissue touches the contact point, 
whether it is composed of natural tooth or restora- 
tive material, the epithelium does not keratinize 
(17 [Ruben MP, Personal communication, Boston, 
1980], 18) (Figures 1.1 and 1.2). Such lack of ker- 
atinization is not an inherent property of either col 
or sulcular epithelium, as the ability of this tissue 
to keratinize when it is no longer in contact with 
the tooth, either as a result of periodontal therapy 
or eversion, is well documented (18-20). Nonkera- 
tinized epithelium is less resistant to disruption and 
penetration by bacterial plaque than its keratinized 
counterpart (21, 22). When a concave, nonkera- 
tinized col form is present, the patient must try to 
control an area which is conducive to plaque accu- 
mulation, and more easily breached by the afore- 
mentioned plaque and its byproducts (Figures 1.3 
and 1.4). 

Management of the soft tissue col form is pre- 
dictably achieved through the proper use of os- 
seous resective techniques. In addition to eliminat- 
ing interproximal osseous craters, the buccolingual 
dimension of the alveolar process must be taken 
into consideration. If buccal osseous ledging is not 
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Figure 1.1 A decalcified section demonstrating the con- 
cave nature of the interproximal soft tissue col. 


reduced adequately to allow for the smooth flow 
of soft tissues interproximally, without their first 
having to pass coronal to the contact point and 
“dip” underneath it, a concave col form will result 
(15, 23) (Figures 1.5 and 1.6). In addition, should 
the radicular bone be coronal to or at a height 
equal to the interproximal osseous septum, the 
soft tissues will not heal in tight adaptation to the 
underlying bone (16). Soft tissues will not heal 
in sharp angles, and will strive to regain a 
papillary form interproximally. All dimensions 
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Figure 1.2 A histologic slide underscores the nonkera- 
tinized nature of the col epithelium where it touches the 
contact point between the teeth. 
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Figure 1.3 The nonkeratinized concave col epithelium is 
especially susceptible to bacterial penetration and inflam- 
matory breakdown. 


of the interproximal space (i.e., apico-occlusal, 
buccolingual, and mesiodistal) must be considered 
when evaluating the effects of existent osseous con- 
tours on the morphology of the overlying soft tis- 
sues. Matherson’s work in monkeys demonstrated 
this fact clearly (24). The naturally occurring con- 
dition was one of a markedly concave soft tissue 
col. Replaced flap surgery without osseous ther- 
apy did not significantly alter the soft tissue col 
form. Interdental osteoplasty, resulting in the for- 
mation of an interproximal osseous peak, reduced 
the depth of the concavity in the col morphol- 
ogy. Osteoplasty which encompassed both the in- 
terproximal and radicular areas, thus reducing the 
buccolingual osseous ledging and eliminating re- 
verse architecture, as well as forming an interprox- 
imal osseous peak, had the greatest effect on col 
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Figure 1.4 As the inflammatory lesion progresses through 
the nonkeratinized col epithelium and into the connective 
tissue, marked tissue destruction is noted. 


Figure 1.5 Despite the convex nature of the interproximal 
alveolar bone, the soft tissue col is concave due to its con- 
tacting the contact point between the teeth. 


Figure 1.6 If the interproximal soft tissues are apical to the 
contact point, the convex interproximal bone contours are 
mimicked by covering keratinized soft tissues. 


Figure 1.7 A patient presents with 6 mm pockets interprox- 
imally, which bleed upon gentle probing. 


morphology. Formation of a covex col form postop- 
eratively was limited by the contours of the mon- 
keys’ teeth. Their contact points are broader buc- 
colingually and more apically placed than those 
found in man. Odontoplasty would have been nec- 
essary to allow for sufficient space for the re- 
generation of the interproximal soft tissues apical 
to the contact points of the natural teeth. There 
is no doubt, contrary to published interpretations 
(2), that osteoplasty affected the postsurgical col 
morphologies in the precise manner which would 
be expected by proponents of osseous resective 
surgery (Figures 1.7-1.9). 

While keratinization of the col tissues and al- 
teration of their morphology to one more conducive 


Figure 1.8 Flap reflection reveals extensive osseous ledg- 
ing. Failure to eliminate this ledging will result in these soft 
tissues having to “dip under” the contact point, and the 
reestablishment of a nonkeratinized concave soft tissue col 
form. 
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Figure 1.9 The appropriate osteoplasty has been per- 
formed. The soft tissues may now be replaced at osseous 
crest, and will heal in a concave, keratinized manner apical 
to the contact points between the teeth. 


to plaque control is achievable, this is not the 
case with the sulcular epithelium. Even if the sul- 
cular epithelium could be predictably keratinized, 
it would serve no purpose, as the junctional ep- 
ithelium is incapable of keratinization (25). The 
junctional epithelium is markedly different than 
other epithelia found in the oral cavity. In both 
keratinized and nonkeratinized oral epithelia, dif- 
ferentiation between the basal and superficial 
layers is a consistent finding (i.e., a decrease in 
Golgi vesicle and rough endoplasmic reticulum vol- 
umes, and an increase in tonofilament volume), as 
is a modification of the intercellular substance in 
the superficial layers, thus forming a permeabil- 
ity barrier (25). No evidence of differentiation is 
noted in the junctional epithelium. It has been sug- 
gested that this is due to the unique function of the 
junctional epithelium, which is to adhere to dis- 
similar tissues (26). If junctional epithelium was 
differentiated highly enough to keratinize, it would 
lose the ability to perform its primary function. 
Barnett (27) notes that, even in the presence of a 
keratinized sulcular epithelium, the junctional ep- 
ithelium would still present a relatively easy mode 
of entry to the underlying structures for bacterial 
byproducts. Squiers (25) stated that “...it is rea- 
sonable to accept the junctional epithelium as a 
tissue which, by virtue of its adherent properties, 
is probably intrinsically permeable.” 

Saito et al. (28) examined clinically normal 
junctional epithelium in dogs via freeze-fracture 
and thin sectioning. Junctional epithelium was 
found to contain fewer desmosomes than other 
oral epithelium (5% in its most coronal aspect 
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and only 3% apically). Very few cytoplasmic fil- 
aments were noted. Numerous gap junctions were 
noted, many of which were large in size. Tight 
junctions were only noted in freeze-fracture repli- 
cas, and these were underdeveloped or discon- 
tinuous in nature. These findings were in agree- 
ment with those of other researchers (29), and 
suggest that these areas leak, thus forming inad- 
equate permeability barriers (30, 31). Saito et al. 
state that “...it is doubtful that the epithelium 
provides a complete barrier function because of 
the vast extent of the intercellular spaces and the 
sparseness of desmosomes” (28). Numerous stud- 
ies have demonstrated the permeability of the junc- 
tional epithelium to a variety of substances (31- 
35). The relative impermeability of the sulcular ep- 
ithelium, when compared to the junctional epithe- 
lium, has also been well documented. Substances 
were shown to penetrate the junctional epithelium, 
but not the sulcular epithelium (32, 33, 36). 

The tenuous nature of the epithelial adher- 
ence to the tooth, and the ease with which it is 
separated, are well known (37). Listgarten (38) and 
others (39-43) have consistently shown that, in the 
presence of inflammation, the periodontal probe 
passes beyond the ulcerated junctional epithelium, 
stopping at the most coronal position of intact con- 
nective tissue fiber insertion into the root surface. 
This is not the case in noninflamed situations (44- 
46). The junctional epithelium therefore presents 
a dual-fold compromise. Not only is it more easily 
penetrated by bacterial enzymes, but it is also more 
easily detached in the presence of inflammation 
than inserted connective tissue fibers. In the stages 
of periodontal disease development, the “initial” 
lesion is seen as developing as follows: 


1. bacterial accumulation in the gingival sulcus 

2. an increase in the concentration of specific 
bacterial products 

3. diffusion of these products through the more 
permeable junctional epithelium into the un- 
derlying connective tissue 

4. dilation of the intercellular spaces of the junc- 
tional epithelium, and the presence of poly- 
morphonuclear and mononuclear cells 

5. perivascular collagen destruction 

6. progression to the “early” lesion 


Ideally, the expanse of the junctional epithelial ad- 
hesion to the tooth should be minimized in light 
of its relative biologic and mechanical inferiority 


when compared to connective tissue attachment to 
the root surface. 

Following appropriate osseous resective sur- 
gery with apically positioned flaps, an attachment 
apparatus is formed which consists of approxi- 
mately 1 mm of connective tissue fiber insertion 
into the root surface, followed by 1 mm of junc- 
tional epithelial adhesion coronally (47, 48). The 
connective tissue attachment is derived from a 
combination of outgrowth of the periodontal lig- 
ament and resorption of osseous crest (49). This 
is markedly different than the postsurgical at- 
tachment apparatus obtained with either curet- 
tage or replaced flap (modified Widman or open 
flap curettage) surgery. These procedures have 
all demonstrated healing to previously periodon- 
tally affected root surfaces by the formation of 
a long junctional epithelium (50-68). New con- 
nective tissue attachment supracrestally has not 
been a consistent finding, nor has cementogen- 
esis (69). The components of the postoperative 
attachment apparatus of open flap curettage pro- 
cedures without osseous resection are the same; 
connective tissue insertion for the first millimeter 
supracrestally, followed by a long junctional ep- 
ithelium. The length of the junctional epithelium 
is dependent upon the distance between the os- 
seous crest and the margin of the soft tissue. Only 
pocket elimination surgery will consistently result 
in a short junctional epithelium, and thus avoid 
the compromises inherent in a longer epithelial 
relationship. 

Proper pocket elimination therapy is not only 
concerned with pocket depths, but also with plaque 
accumulation in a vertical direction. Horizontal 
destruction of periodontal support, resulting in 
furcation involvements, will lead to a major com- 
promise in therapy if left untreated. The inac- 
cessibility of even early furcation involvements 
to proper plaque control measures is well docu- 
mented (3, 70-73). A review of the literature also 
underscores the inadequacy of many therapies in 
the treatment of the furcated tooth. “Maintenance” 
care, open and closed debridement, chemical treat- 
ment of the root surface, and placement of partic- 
ulate materials without membrane use have failed 
to demonstrate predictable success in the treatment 
of the periodontally involved furcation. Removal of 
the vertical periodontal pocket, without eliminating 
the horizontal component of a furcation involve- 
ment, results in a compromised environment for 
the removal of plaque by the patient, leading to 


continued periodontal breakdown. This topic will 
be discussed in greater detail in Chapter 9. 

Restorative margin position may also influ- 
ence long-term periodontal health. Plaque accu- 
mulation at the restorative margin-tooth interface 
is a consistent finding in both research and clini- 
cal practice (74-81). If this margin is subgingival, 
the resultant increased plaque accumulation may 
lead to acceleration of periodontal breakdown and 
recurrent caries (81, 82) (Figure 1.10). This fact 
becomes more critical if the attachment apparatus 
attempting to maintain a healthy state includes a 
long junctional epithelium. The increased perme- 
ability and detachability of a long junctional ep- 
ithelial adhesion in the face of inflammation lend 
the long junctional epithelium a greater vulnerabil- 
ity to the increased inflammatory insult inherent in 
subgingival margin placement. 


Figure 1.10 Recurrent caries is noted at the most apical 
extent of a deep subgingival interproximal restoration. 
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Results of Longitudinal Human 
Studies 


Numerous clinical studies have attempted to com- 
pare short- and long-term results of various 
treatment modalities. The most widely read are 
probably those of Ramfjord and coworkers (83- 
91). As time progressed, these studies became more 
sophisticated in response to design shortcomings 
which were recognized by the authors. The first 
study, published in 1968 (83), compared the re- 
sults of curettage versus pocket elimination in the 
treatment of periodontal pockets. The authors con- 
cluded that “subgingival curettage was followed by 
more favorable results than surgical elimination of 
periodontal pockets.” 

Being the first longitudinal study of this 
type, there were significant design flaws which 
the authors attempted to correct in subsequent 
studies. A split mouth design was not adopted until 
the third year of the study. For the first two years 
of data compilation, individual host response to 
therapy was an unaccounted for variable. Pockets 
were treated via gingivectomy procedures, if this 
could be accomplished within the bounds of the 
existing attached gingiva, if pocket depths were 
5 mm or less and if extensive bone recontouring 
was not required to obtain acceptable gingival 
contours. This approach did not demonstrate a 
proper understanding of the rationale for pocket 
elimination therapy with osseous resection. Soft 
tissues will tend to reform interproximal papillae 
after periodontal surgery (92, 93). By eliminat- 
ing interproximal osseous craters and reverse 
architecture, the clinician strives to achieve a 
closer adaptation of the reforming soft tissues 
to the underlying bone, helping to ensure the 
development of a postoperative attachment ap- 
paratus consisting of a connective tissue fiber 
insertion, followed by a short junctional epithe- 
lial adhesion. If interproximal osseous craters 
remained, which would have been the case where 
gingivectomy procedures were performed in the 
face of osseous defects, the long-term benefits of 
resective osseous therapy could not be properly as- 
sessed. In the 1968 study, no mention was made of 
the extent to which osteoplasty was carried out to 
eliminate buccal osseous ledging. If buccal ledging 
was allowed to remain, the resultant interproximal 
soft tissue morphology would be that of a concave 
col, due to the influence of the contact point. As 
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previously discussed, this col would be more sus- 
ceptible to inflammatory breakdown than the con- 
vex, keratinized interproximal soft tissues which 
would result from properly performed osseous 
resective therapy with apically positioned flaps. 

Pocket measurements were taken at the 
“mesial side of the tooth,” with no mention being 
made of probe angulation. Watts (94) has demon- 
strated that even small variations in probe an- 
gulation will result in significant probing errors. 
While 60% of the probing measurements were 
reproduced, the number dropped to 23% for re- 
producible site configurations. The most important 
source of probing error was variation of the probe 
position in a transverse plane, despite the use of 
a stent. If stents were not used, as is the case in 
the 1968 Ramfjord study, errors would be magni- 
fied. Measurements taken in the manner described 
do not accurately measure the differences between 
the attachment apparati obtained via pocket elim- 
ination surgery and curettage. One difference in 
these two attachment apparati is that of a short 
junctional epithelium following pocket elimination 
surgery, and a longer junctional epithelium follow- 
ing curettage. This difference is not as significant 
at the line angles of the teeth as it is interproxi- 
mally between the base of an osseous crater and 
the most coronal extent of the junctional epithe- 
lial adhesion. If measurements are taken at the line 
angles of the teeth, the relative stabilities of the dif- 
ferent attachment apparati over time are not taken 
into account. 

Another significant weakness in the 1968 
study is one of execution. The first postopera- 
tive measurements were recorded at one year. 
The mean pocket reduction following pocket elim- 
ination surgery was 1.6 mm, resulting in resid- 
ual mean pocket depths greater than or equal to 
2.4 mm. When the data were broken down, the 
range of residual pocket depths became evident. In 
initial pockets of greater than 6 mm, approximately 
a 0.4-mm change occurred, leaving residual pocket 
depths greater than or equal to 5.6 mm. One of 
the basic postulates of pocket elimination surgery 
is the inability of the patient to exhibit adequate 
subgingival plaque control in areas probing greater 
than 3 mm. By leaving pockets of greater than 5.6 
mm after therapy, the efficacy of pocket elimina- 
tion therapy was not tested. The 1973 study by 
Ramfjord and coworkers had an identical design 
to that of 1968, and thus suffered from the same 
problems (84). 


In 1975, the study was expanded to include 
the modified Widman procedure (85) and patients 
were followed over time (86, 89). The modified 
Widman procedure employed, as described in 1974 
(94), was essentially replaced flap curettage, with 
osseous therapy as needed to facilitate interproxi- 
mal flap coaptation. 

The authors concluded that pocket elimina- 
tion surgery did not offer any long-term bene- 
fits with regard to pocket depth or progression of 
disease, and that “although all three methods result 
in gain of attachment in moderately deep pockets, 
the long-term gain is significant only after curettage 
and modified Widman flap” (89). 

As already discussed, design and execution 
flaws masked the differences between pocket elim- 
ination therapy and curettage or modified Widman 
surgery. 

Interproximal pocket depth measurements 
were recorded “at the mesio- and distobuccal sur- 
faces close to the contacts and without tilting the 
probe” (89). Thus, the measurements were taken 
at the wrong positions to measure the differences 
between the attachment apparati of the various 
treatment modalities. Due to the limited buccal 
and/or lingual osseous resection performed with 
the modified Widman procedure, the attachment 
apparati at the line angles of the teeth were sim- 
ilar for both procedures. The only difference in 
underlying osseous morphologies existed in the 
interproximal craters. Measurements purporting 
to compare the two therapies must record these 
differences. 

Appropriate osseous resection to eliminate de- 
fects and reverse architectures, followed by api- 
cally positioned flaps, routinely results in pocket 
depths of less than 3 mm. Such was not the case 
in these studies. In pockets which probed 4-6 mm 
initially, probing depths of 1.7-3.7 mm are noted 
one year postoperatively. Where pockets probed 
7-12 mm before therapy, residual pocket depths 
were 2.6-7.6 mm. These readings are not indica- 
tive of pocket elimination having been achieved. 
What was tested was not pocket reduction (modi- 
fied Widman) versus pocket elimination; but rather 
pocket reduction versus pocket reduction. It would 
be unusual if both situations did not behave iden- 
tically over time. 

Ramfjord and coworkers felt that “the fact 
that pockets and attachment levels on the four 
tooth surfaces behaved similarly when the initial 
severity was constant made it possible to collapse 


the data from the four surfaces and report the 
means” (89). This conclusion was based on the fact 
that all four tooth surfaces behaved the same with 
regard to pocket reduction and attachment gain one 
year postoperatively (95). However, one year is too 
short a time for proper evaluation of therapeutic re- 
sults. Waerhaug has demonstrated the seemingly 
slow progression of untreated periodontal disease 
in data consisting of a large number of sites, and 
stated that a minimum of 3-5 years is necessary to 
evaluate treatment efficacy (3). 

What was gained histologically following the 
various treatments was a short connective tissue 
insertion and a junctional epithelium of varying 
lengths. Where interproximal osseous craters are 
present, the junctional epithelium will be rela- 
tively longer; where there is a shorter distance from 
the osseous crest to the tissue margin (the buccal 
and lingual midradicular areas in most instances), 
the junctional epithelium will be relatively shorter. 
While areas of the same preoperative probing depth 
may appear to behave the same initially with regard 
to clinical response to therapy, they bear no resem- 
blance to each other histologically. Collapsing the 
data in this manner masks the differences between 
the two clinical approaches. 

One of the basic principles of pocket elimina- 
tion therapy was ignored; that of the greater resis- 
tance of connective tissue fiber insertion than junc- 
tional epithelial adhesion to inflammatory break- 
down. Buccal and lingual areas of long junctional 
epithelium are not subject to the same challenges 
as interproximal areas. Patient plaque control is 
easier and there are no concave col forms with re- 
tractable soft tissue peaks to trap plaque. Further- 
more, restorative margins are more easily cleaned 
buccally than interproximally. 

Ramfjord and coworkers also stated that 
“since the pockets and attachment levels from one 
year after treatment behaved essentially in a lin- 
ear fashion, a grouping according to severity was 
adopted” (89). The progression of periodontal dis- 
ease does not behave in a linear fashion, but rather 
is characterized by bursts of activity in specific 
sites, followed by periods of quiescence (96). The 
reporting of running medians is less effective in 
detecting site-specific changes in longitudinal peri- 
odontal studies than other statistical methods (97- 
99). By reworking statistics that reported no peri- 
odontal changes over time posttherapy, Lindhe was 
able to demonstrate the masking effect of reporting 
mean values (100). 
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The influence of furcations on the progression 
of periodontal breakdown was also ignored in the 
aforementioned studies. One facet of pocket elim- 
ination therapy is the elimination of furcation in- 
volvements through odontoplasty or root resection 
(101-104). Failure to eliminate the involved furcal 
areas renders complete plaque removal impossible 
due to local anatomy (105-108). Even with flap 
reflection, thorough debridement of an involved 
furcation is not a consistent finding (109, 110). 
An affected furcation will contribute to further 
periodontal breakdown both within the furcation 
itself and in adjacent structures. As the inflamma- 
tory lesion in the furcation spreads, it may also act 
in a “back door” manner, emerging from the inter- 
nal aspect of the furcation to cause destruction of 
the attachment apparatus. 

The effects of furcation involvements on the 
pathogenesis of periodontal disease were evident. 
Maxillary molars exhibited the greatest degree 
of periodontal breakdown following therapy, fol- 
lowed by mandibular molars and maxillary bicus- 
pids. 

The same limitations were evident in two 
studies carried out by Hill et al. and Ramfjord 
et al. (90, 91). Waerhaug’s admonition with regard 
to leaving furcation involvements after therapy was 
borne out, as 16 of the 17 teeth lost in these studies 
were molars. 

Pihlstrom et al. (111, 112), when comparing 
root planing alone and flap surgery with root plan- 
ing, demonstrated greater pocket reduction initially 
with the flap procedure as a result of clinical at- 
tachment “gain.” Repocketing of the areas treated 
with flap surgery, to the level of the root-planed 
sites, occurred within three years postoperatively. 
This is to be expected, as root planing and open 
flap curettage demonstrate the same compromised 
attachment apparati posttherapy. 

Disturbing findings with all longitudinal stud- 
ies evaluating treatment modalities which yield 
a long junctional epithelium as a posttherapeutic 
attachment apparatus (root planing, curettage, 
modified Widman, flap curettage without osseous 
therapy, etc.) were repocketing and continued at- 
tachment loss (90, 91, 113, 114). 

Proponents of pocket elimination therapy 
contend that, when carried out and evaluated prop- 
erly, pocket elimination is superior to pocket re- 
duction with respect to patient maintainability and 
long-term periodontal health. Do longitudinal stud- 
ies exist which support these contentions? 
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Ammon’s group published two papers, one 
being a five-year follow-up of the initial patient 
data (115, 116), evaluating the relative efficacies 
of appropriately executed osseous resection with 
apically positioned flaps, and the other being api- 
cally positioned flaps with only root planing. De- 
sign modifications were made from the Ramfjord 
studies to help eliminate the problems already dis- 
cussed. Data were first pooled by pocket depth, and 
then subdivided into tooth surfaces within a given 
pocket depth, to help elucidate the strengths and 
differences of the postsurgical attachment apparati. 
Mesial and distal probing depths were recorded 
with the probe placed as far interproximally as 
possible, angulated to follow the long axis of the 
tooth. Only lesions which were amenable to resec- 
tive therapy, and could therefore properly evaluate 
its applicability, were treated in such a manner. Fi- 
nally, surgical photographs were published which 
demonstrated the techniques employed. 

Greater interproximal soft tissue cratering was 
noted upon initial healing following open flap 
curettage, as compared with osseous surgery. Six 
weeks postoperatively, the cratering had disap- 
peared. This finding is in agreement with Lindhe 
and Nyman (117). Pocket reduction at six months 
was the same for sites treated by either modality; 
flap curettage reduction being a result of attach- 
ment “gain” while osseous surgery reduction was 
due to pocket elimination procedures. The attach- 
ment “gain” was a function of papillary regrowth 
and a subsequent long epithelial relationship to the 
root, as a connective tissue fiber attachment can- 
not be expected following flap curettage (51, 56, 
69). Five years postoperatively, statistically signif- 
icant interproximal pocket depth differences were 
noted between the sites treated with and without 
osseous therapy. Pocket depths in the flap curet- 
tage areas were approaching preoperative values 
while the pocket elimination attained with osseous 
therapy was maintained. On the buccal and lingual 
surfaces, pocket elimination was maintained with 
both treatment approaches. These results under- 
score both the fragility of the junctional epithelial 
adhesion and the danger of collapsing data. Radic- 
ularly, where patient plaque removal was easier 
and the junctional epithelium was shorter, pocket 
elimination was maintained following both thera- 
pies. In interproximal areas of more difficult plaque 
removal, coupled with a longer junctional epithe- 
lial relationship due to the presence of osseous 
craters, repocketing occurred in sites treated with 


open flap curettage. Flap curettage sites which ini- 
tially probed 4 mm underwent repocketing at five 
years three times more often than sites treated via 
osseous resection. If initial probing depths were 
5 mm, flap curettage sites repocketed 3.6 times as 
often as those treated with osseous resection. With 
initial probings of 6-8 mm, repocketing was 6 times 
as likely to occur with open flap curettage. When 
all sites with a preoperative probing depth greater 
than or equal to 4 mm were considered, bleed- 
ing upon probing was encountered 2.3 times more 
often in sites treated with open flap curettage than 
with osseous resection, five years postoperatively. 
There was a 91% correlation between the presence 
of subgingival plaque and bleeding upon probing. 

Other authors have demonstrated the long- 
term efficacy of pocket elimination therapy. Lindhe 
and Nyman (100) reported the 14-year results of 
pocket elimination therapy in 61 patients with ad- 
vanced periodontal disease preoperatively. All pa- 
tients had remained on regular maintenance sched- 
ules. Only 0.49 teeth were lost per patient over 
14 years. Disease progression was shown to be 20- 
30 times slower than in Swedes with untreated pe- 
riodontal disease (118). Nabers et al. (119) reported 
the results of 1,435 patients treated via pocket 
elimination therapy. The patients lost an average 
of 0.29 teeth over a mean postoperative time of 
12.9 years. 

In contrast, McFall (120) demonstrated an av- 
erage tooth loss of 2.6 teeth per patient 19 years 
posttherapy. Goldman et al. (121), 22.2 years post- 
operatively, documented a tooth mortality of 3.6 
teeth per patient. Both of these studies employed 
treatment modalities which did not include pocket 
elimination therapy. 

Kaldahl et al. (122, 123) compared treat- 
ment results in 82 periodontal patients treated in 
a split mouth design with either coronal scaling, 
root planing, modified Widman surgery, or flap 
surgery with osseous resection. All therapies pro- 
duced mean pocket depth reductions, and there 
were no differences between the therapies with re- 
gard to residual pocket depths at the end of two 
years in sites which initially probed 4 mm or less. 
Subsequent breakdown of sites during supportive 
maintenance care of up to seven years was greater 
in areas treated with modified Widman surgery 
and scaling and root planing than in areas treated 
with osseous resective therapy. These differences 
in the number of sites breaking down increased 
as initial pocket depth increased, underscoring the 


superiority of osseous resective therapy as a clinical 
modality for eliminating pockets and rendering ar- 
eas maintainable over time by patients. Shallower 
pocket depths, coupled with a biologically stronger 
attachment apparatus of a short connective tissue 
attachment and a short junctional epithelium at- 
tained after osseous resection, proved more resis- 
tant to subsequent breakdown during maintenance 
than an attachment apparatus of a short connec- 
tive tissue attachment and a long junctional ep- 
ithelial adhesion obtained following root planing or 
modified Widman surgery. As expected, these dif- 
ferences were greater in areas with deeper initial 
pocket depths, as the difference in posttherapeu- 
tic attachment apparatus would have been more 
marked in these areas than in their shallower coun- 
terparts. 

The differences in tooth retention can be 
traced to the ability of the patient and the clini- 
cian to successfully and predictably effect thorough 
plaque removal. Properly performed pocket elimi- 
nation therapy provides an environment of mini- 
mal probing depth which is conducive to plaque 
removal. Even in the face of excellent supragin- 
gival plaque removal, we know that the patient 
is only effective at removing plaque to a subgin- 
gival depth of 2.5 mm (3). Lindhe et al. have 
demonstrated that there is no relationship be- 
tween supragingival plaque control and changes 
in probing depths or attachment levels (124), or 
between supragingival plaque control and bleed- 
ing upon probing. The clinician must not be 
misled by the supragingival scenario. Waerhaug 
spoke of the existence of subclinical inflamma- 
tion (3), where the tissue appears healthy, but 
periodontal destruction is occurring subgingivally. 
Ammons and coworkers (116) found a direct cor- 
relation between pocket depth and bleeding upon 
probing. Greater postsurgical pocket depths re- 
sulted in a higher incidence of bleeding upon prob- 
ing. Coupled with the previously discussed 91% 
correlation between bleeding upon probing and 
the presence of subgingival plaque, the problems 
inherent in deeper postoperative probing depths 
are obvious. Badersten et al. (125, 126) noted 
that bleeding upon probing was directly related 
to pocket depth, with deeper areas bleeding more 
often. Waite (127) found that areas with deeper 
probing depths exhibited a higher frequency of 
bleeding upon probing and a greater degree of 
inflammation. Additionally, the same limitations 
which apply to subgingival root planing in the face 
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of pocket depths must be considered in the main- 
tenance phase of therapy. 

The deeper the residual probing depths, the 
more difficult debridement and maintenance be- 
come for both the patient and the dental profes- 
sional (3, 128-137). Numerous longitudinal studies 
have demonstrated that sites with probing depths 
of greater than or equal to 6 mm are at significantly 
higher risk for future deterioration and develop- 
ment of additional attachment loss as a result of 
disease activity, if left untreated (138-143). 

The scenario for continued loss of attach- 
ment in the face of posttherapeutic pocketing is as 
follows: 


1. The patient presents with pocket depths in 
excess of 3 mm. 

2. Patient plaque control removes plaque up to 
2.5 mm subgingivally. 

3. Subgingival scaling is increasingly less effec- 
tive in areas probing greater than 3 mm. 

4. Plaque left behind subgingivally following 
root planing begins to grow and repopulate 
the root surface within 14 days. 

5. As the plaque front proceeds further subgin- 
givally, its removal is less effective. 

6. The attachment apparatus which results from 
curettage, modified Widman surgery, flap 
curettage, etc. has a long junctional epithelial 
component. 

7. This epithelial adhesion exhibits greater per- 
meability to plaque than a connective tissue 
fiber insertion. 

8. Junctional epithelium is easily detached from 
the root in the presence of inflammation. 

9. As the pocket deepens, the problems with 
plaque removal are exacerbated. 

10. The presence of furcation involvements 
and/or subgingival restorations makes plaque 
removal even more difficult. 

11. The result is continued periodontal break- 
down. 


Such continued periodontal breakdown following 
active therapy is avoidable. The technical aspects 
of osseous resective surgery have been clearly elu- 
cidated (16, 23). Employed in conjunction with 
selective extractions, root resective therapy, and 
prosthetic reconstruction, these techniques afford 
a high degree of predictability (23), albeit with sig- 
nificant temporal and financial costs. 
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Clinical Example One 


In 1981, a 26-year-old female presented with 
a number of periodontal and restorative con- 
cerns. Postorthodontic blunting of the roots was 
noted (Figure 1.11). Class I furcation involve- 
ments were present on all maxillary and mandibu- 
lar molars. Subgingival caries was present in 
many areas. Osseointegrated implants were not 
a viable treatment option at the time of patient 
examination. 

The combination of the patient’s young age, 
short root structures, and active periodontal and 
restorative pathologies mandated a comprehen- 
sive, coordinated effort in order to afford her with 
a predictable treatment outcome. The performance 
of periodontal surgical therapies which would not 
eliminate deeper pockets and furcation involve- 
ments, and render all caries and defective restora- 


tive margins supragingival for the restorative den- 
tist’s intervention, would be ill advised. When 
treating such a patient, the clinician has “one shot” 
at restoring the patient to health. The patient’s lim- 
ited attachment apparatus could not afford to with- 
stand multiple surgical insults, nor be subject to 
continued periodontal breakdown following active 
care. 

The patient was treated with an osseous re- 
sective approach. All furcation involvements were 
eliminated through odontoplasty. Tissues were po- 
sitioned in such a manner as to allow placement of 
restorative margins supragingivally or intracrevic- 
ularly. A full series of radiographs taken 25 years 
after active therapy had been completed demon- 
strate the maintenance of periodontal support 
around the teeth, and the high degree of pre- 
dictability afforded this patient through appropri- 
ate, coordinated care (Figure 1.12). 


Figure 1.11 A patient presents with numerous oral health concerns including significant caries, blunted roots, and early-to- 
moderate periodontal destruction. Class | furcation involvements are noted on all molars. 
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Figure 1.12 Twenty-five years after completion of active periodontal and restorative therapies, the patient demonstrates 
excellent periodontal and restorative stability. 


While the therapy employed proved highly 
predictable, the question facing today’s clinician is 
whether or not to perform such therapy on severely 
compromised teeth, or to remove selective teeth 
and utilize an implant reconstructive approach. 
This question is paramount when considering root 
resection therapy. 

Root resective therapy is a highly predictable 
therapeutic modality in specific situations. 

While various authors have reported a wide 
range of success and failure, this was often due 
to utilization of root resective therapies in less 
than ideal scenarios. It is imperative that the 
forces being placed upon a root-resected tooth 
be managed appropriately if a reasonable degree 
of predictability is to be attained. When this is 
accomplished, long-term treatment results rival 
those of osseointegrating implants. Seven hundred 
one root-resected molars were followed for a 
period of up to 15-plus years in function. The 
cumulative success rates of the root-resected teeth 
in function were 96.8% (144). 

However, while such a treatment approach 
may yield a high degree of predictability, the tech- 
nical acumen and financial commitment required 
for such care often prove daunting and unrealistic. 


Clinical Example Two 


A 41-year-old female presented with severe peri- 
odontal disease, characterized by moderate bone 


and attachment loss, Class II and III furcation 
involvements on all molars, and significant mo- 
bility patterns. The patient was temporized, under- 
went comprehensive periodontal therapy, includ- 
ing root resections and retention of a palatal root 
in the maxillary right second molar position; the 
mesiobuccal and distal buccal roots of the max- 
illary left first molar; and the distal root of the 
mandibular right first molar (Figure 1.13). The 
maxillary right cuspid was missing. 

A maxillary full fixed reconstruction and a 
mandibular posterior reconstruction were carried 
out (Figures 1.14 a-f). The patient remained on a 
regular maintenance schedule. Radiographs taken 
15 years after therapy had been performed, demon- 
strated stability of both the prosthesis and the sup- 
porting periodontium around the remaining teeth 
and or portions of teeth, despite the lack of a max- 
illary right cuspid (Figure 1.15). 

After 15 years in function, the patient un- 
derwent significant life changes. The patient was 
not seen for one year, and had begun to clench 
and grind heavily. The net result was that the 
abutments in the maxillary right quadrant frac- 
tured. These abutments were most prone to para- 
functional overload, as no cuspid was present. The 
loss of the established force equilibrium resulted in 
root fracture, tooth loss, and loss of the maxillary 
prosthesis. 

While it is impossible to predict the future 
with regard to trauma and/or increased para- 
function, the utilization of implants affords the 
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Figure 1.13 A patient who presented with severe periodontal disease has been temporized and treated with resective 
periodontal therapy, including root resections. The palatal root of the maxillary right second molar; the mesiobuccal and 
distal buccal roots of the maxillary left first molar; and a distal root of the mandibular right first molar have been maintained. 


opportunity to build a greater margin of safety into 
reconstructive therapy. 


FINANCIAL ALGORITHMS 


Assessment of various treatment options in a given 
clinical scenario must also take into account the 
financial commitment entailed with each thera- 
peutic approach. A recent survey polled over 100 
periodontists and their referring dentists in 20 
metropolitan areas regarding the costs for various 
therapies (145). The costs for periodontal surgical 
therapies, endodontic therapy on single- and mul- 
tirooted teeth, posts and crowns on natural teeth, 
tooth extraction, implant placement, and implant 


abutments and crowns were assessed relative to a 
given value X (Table 1.1). Such information must 
be available to the clinician when formulating and 
presenting various treatment options to the patient. 


SPECIFIC CLINICAL SCENARIOS 


Scenario One: The Single-Rooted 

Decayed Tooth 

When faced with a tooth which is decayed subgin- 
givally at or near the osseous crest, the following 
treatment options present themselves: 


(a) Crown-lengthening osseous surgery fol- 
lowed by endodontic therapy and post and 
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Figure 1.14 (a-f) Buccal and clinical views of the completed reconstruction after 10 years in function. Note the lack of a 
cuspid in the maxillary right quadrant. The patient’s home care and soft tissue health are excellent. 
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Figure 1.15 A full series of radiographs taken 10 years 
after completion of therapy demonstrate the stability of the 
periodontium and the prostheses which are in place. 


core buildup if necessary, and the appropri- 
ate restoration: The predictability of crown- 
lengthening osseous surgery is well es- 
tablished. When performed appropriately, 
crown-lengthening surgery results in both 
adequate clinical crown for restoration of the 
tooth in a maintainable manner, and the de- 
velopment of a predictable attachment ap- 
paratus consisting of approximately 1 mm 
of connective tissue attachment, 1 mm of 


Table 1.1 Relative fees for various therapies. 


Wey 


NT 


AST 


Figure 1.16 (A) Junctional epithelial adhesion; (B) connec- 
tive tissue attachment; (C) periodontal ligament; (D) tooth 
root; (E) enanel; (F) gingival sulcus; (G) gingival connective 
tissue; (H) outer epithelium; (I) alveolar bone. 


junctional adhesion, and a 1- to 1.5-mm- 
deep sulcus (Figure 1.16). It is imperative 
that such therapy be performed in a man- 
ner which ensures both the maintenance of 
the attained hard and soft tissue morpholo- 
gies, and the ability of the patient to perform 
appropriate plaque control measures around 
the final restoration. Advocates of “minimal 
approach surgery,” consisting of use of a 
laser or rotary instrumentation to “attain bi- 
ologic width” only at the site of subgingival 
caries without ensuring a confluence with 
the adjacent hard and soft tissues, fail to 
understand the three-dimensional nature of 
tissue biodynamics and healing. Utilization 
of these limited access therapies results in 


Therapy Fee 
Endodontic—single root 0.9X 
Endodontic—multiple root 1.3X 
Core buildup—natural tooth 0.6X 
Crown—natural tooth 1.4X 
Pontic 1.4X 
Crown-lengthening periodontal surgery 1.1X 
Regenerative periodontal surgery 1.9X 
Orthodontic supereruption 2.8X 
Extraction 0.3X 
Implant 2.1X 
Implant abutment (stock) and crown 2.2X 
Implant abutment (custom) and crown 2.7X 
Regenerative therapy at tooth extraction 0.7-1.4X 
2.5X 


Sinus augmentation 


eventual reformation of the presurgical soft 
tissue form and the presence of deep sub- 
gingival restorative margins. These problems 


are avoided through the employment of tech- 

niques which are well documented in the lit- 

erature (146-149). 

The precise position and extent of the 
carious lesion and/or tooth fracture to be un- 
covered through crown-lengthening osseous 
surgery must be assessed prior to initiation 
of surgery. The advisability of performing 
such treatment is directly dependent upon 
whether the lesion to be uncovered is buc- 
cally, lingually, or interproximally placed, 
and its proximity to adjacent roots and/or 
furcation entrances. 

Prior to performing crown-lengthening 
osseous surgery, a number of factors must 
be considered including: 

1. The effect of therapy on teeth adjacent 
to the tooth to be crown lengthened: De- 
pending upon the tooth preparation tech- 
nique to be employed, 3-4 mm of tooth 
must be exposed between the alveolar 
crest and the planned position of the final 
restorative margin. In situations where a 
patient presents with a short root form, 
or caries on the root surface which would 
require removal of extensive amounts 
of osseous support, the tooth may be 
unduly compromised following crown- 
lengthening osseous surgery. If such a 
procedure will result in periodontal insta- 
bility, or the development of secondary 
occlusal trauma, crown-lengthening 
surgery should not be employed. 

2. The effect of crown-lengthening osseous 
surgery on the entrance to a furcation 
of a multirooted tooth to be crown 
lengthened: If attainment of an adequate 
amount of exposed tooth structure for 
restorative intervention and development 
of a healthy attachment apparatus results 
in the development of an untreatable 
furcation involvement, such a therapeutic 
approach is ill advised. Should a Class 
I furcation involvement result following 
crown-lengthening osseous surgery, it is 
easily eliminated through odontoplasty, 
as will be discussed in Chapter 9. How- 
ever, development of a furcation of any 
degree greater than Class I should be 
avoided at all costs. 

3. The effect of crown-lengthening osseous 
surgery on the furcation entrances of 
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adjacent teeth: As previously mentioned, 
if the necessary osseous resection will 
result in a significant furcation involve- 
ment on an adjacent tooth, it should be 
avoided. In addition, care must be taken 
to assess the extent of osseous support 
which will be removed from adjacent 
single- and multi-rooted teeth during 
the performance of crown-lengthening 
osseous surgery. It is illogical to signifi- 
cantly compromise the periodontal health 
of adjacent teeth so as to afford adequate 
clinical crown length for appropriate 
restoration of a severely decayed tooth. 

4. The effect of crown-lengthening surgery 
on the patient’s esthetics: While palatal 
caries on a maxillary anterior tooth may 
be safely exposed for restoration, the 
same procedure performed interprox- 
imally or buccally often results in an 
unacceptable esthetic treatment outcome. 
In such situations, other treatment 
options should be explored. 

If a decayed single root tooth is to be 
crown lengthened and restored, the need 
for endodontic therapy, as well as the 
ease and predictability of such therapy, 
must be carefully considered prior to ini- 
tiation of care. Should the clinician have 
any questions regarding these points, ap- 
propriate consultations should be sought. 

It is also imperative that the ability 
to predictably restore a specific decayed 
tooth is assessed prior to the initiation 
of care. Both the extent and position of 
the carious lesion will be paramount in 
determining the feasibility of maintaining 
the tooth in question. 


Clinical Example Three 


A 51-year-old male presented with a buccal frac- 
ture on a mandibular left first molar (Figure 1.17). 
Radiographic examination demonstrated the short 
root trunk of the fractured tooth (Figure 1.18). 
Crown-lengthening osseous surgery would have 
led to significant invasion of the buccal furcation 
of the first molar, due to both its short root trunk 
and the position of the buccal fracture in relation 
to the furcation entrance. As a result, this tooth 
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Figure 1.17 A patient presents with a subgingival buccal 
fracture of a mandibular first molar. 


must be removed and replaced with an implant 
at the time of tooth extraction, with concomitant 
regenerative therapy; this technique will be dis- 
cussed in Chapter 9. Carious lesions which ap- 
pear similar clinically often present with widely 
disparate prognoses when a radiographic exami- 
nation is carried out. 


Clinical Example Four 


A 31-year-old female presents with subgingival 
caries on the distal and palatal aspects of her maxil- 


Figure 1.18 A radiograph demonstrates the short root 
trunk of the fractured mandibular first molar. Crown- 
lengthening osseous surgery would lead to invasion of the 
entrance to the buccal furcation and a compromised long- 
term prognosis for the tooth. 


Figure 1.19 A patient presents with subgingival caries on 
the distal and palatal aspects of a maxillary right second bi- 
cuspid. Crown-lengthening osseous surgery would require 
removal of approximately 4 mm of bone at the area of the 
entrance to the mesial furcation of the first molar, and would 
unduly compromise the first molar. 


lary right secondary bicuspid (Figure 1.19). Appro- 
priate crown-lengthening surgery would require re- 
moval of approximately 4 mm of bone at the area of 
the entrance to the mesial furcation of the first mo- 
lar. Such therapy would compromise the prognosis 
of the first molar. Removal of 4 mm of bone from 
the distal aspect of the second bicuspid would also 
significantly alter its crown to root ratio and ad- 
versely affect the long-term prognosis of the tooth. 

Due to these considerations, the maxillary 
second bicuspid was extracted and an implant was 
placed at the time of tooth removal. Following os- 
seointegration, the implant is ready for restoration 
with a stock abutment and crown (Figure 1.20). 

Figure 1.21 demonstrates a mandibular left 
first molar with caries on its distal aspect. The po- 
sition of the caries with relation to both the in- 
terproximal osseous crest and the entrances to the 
furcations of the first molar renders it an excellent 
candidate for crown-lengthening osseous surgery 
and subsequent restoration. 

In contrast, Figure 1.22 is a radiograph of 
another mandibular first molar which presents 
with distal subgingival caries. Both the more apical 
extent of the carious lesion interproximally and 
the fact that the mesial apical aspect of the lesion 
is approaching the entrance of the buccal furcation 
of the mandibular first molar render the tooth’s 


Figure 1.20 The decayed second bicuspid has been ex- 
tracted and replaced with an implant at the time of tooth 
removal. Following completion of osseointegration, this im- 
plant is ready for restoration with a stock abutment and 
crown. 


Figure 1.21 A patient presents with subgingival caries on 
the distal aspect of a mandibular first molar. The position 
and extent of this caries renders the tooth an excellent 
candidate for crown-lengthening osseous surgery and sub- 
sequent restoration. 
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Figure 1.22 A patient presents with subgingival caries on 
the distal aspect of a lower first molar. The apical and buc- 
cal extents of the caries render this tooth a poor candidate 
for crown-lengthening osseous surgery. Such a procedure 
would unduly compromise the second molar and would in- 
vade the buccal furcation of the first molar. 


prognosis poor. Attempts at crown-lengthening 
osseous surgery will unduly compromise the 
second molar and involve the entrance to the 
buccal furcation of the first molar. This tooth 
must be removed and replaced with an implant, 
abutment and crown. 

The esthetic ramifications of crown- 
lengthening osseous surgery must be considered 
as well. Figure 1.23 demonstrates a fractured 


Figure 1.23 Attempts to crown lengthen the fractured lat- 
eral incisor would result in an esthetically unacceptable 
treatment result. If this tooth is to be maintained, orthodon- 
tic supereruption must first be carried out. 
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maxillary left lateral incisor. Appropriate crown- 
lengthening osseous surgery around this tooth 
would result in a highly unesthetic situation for 
the patient. If this tooth is to be maintained, 
orthodontic supereruption must be considered 
prior to crown-lengthening osseous surgery. 


(b) Orthodontic supereruption with or without 
crown-lengthening osseous surgery: Super 
eruption of a decayed tooth affords the op- 
portunity to minimize the removal of osseous 
support from adjacent teeth during crown- 
lengthening osseous surgery. In addition, the 
esthetic compromise of such surgery is sig- 
nificantly diminished. Finally, the need for 
crown-lengthening surgery may be obviated 
through severance of the periodontal ligament 
fibers at three-week intervals during the su- 
pereruption process. Such fiber separation of- 
ten prevents the attachment apparatus from 
supererupting along with the orthodontically 
treated root, resulting in “nonsurgical crown 
lengthening.” 

When orthodontic supereruption is con- 
templated, it is imperative that a number of 
factors be considered including: 

1. The effects of orthodontic supereruption 
and subsequent crown lengthening on the 
treated tooth: Appropriate assessment of 
the expected root length following active 
therapy is crucial prior to the initiation of 
orthodontic supereruption. The patient is 
ill served by a supererupted, crown length- 
ened, and restored tooth which is unstable 
due to a poor crown to root ratio. 

2. The time involved in orthodontic supere- 
ruption: When assessing the advantages 
and disadvantages of various treatment 
approaches, the number of patient visits 
and the overall length of therapy must be 
openly discussed. 

3. The cost of orthodontic supereruption: As 
noted in Table 1.1, the use of orthodontic 
supereruption prior to crown-lengthening 
surgery and tooth restoration, with or with- 
out endodontic intervention, significantly 
impacts the cost/benefit ratio to the pa- 
tient. 

(c) Tooth extraction, implant placement, and 
restoration: While this treatment approach 
eliminates the need for endodontic therapy 
and crown-lengthening osseous surgery, and 


theoretically addresses concerns regarding the 
effects of osseous resection on adjacent teeth, 
its utilization assumes a number of con- 
ditions. The tooth must be extracted in a 
minimally traumatic manner with as little 
bone removal as possible. In addition, it is 
highly advantageous to utilize extraction tech- 
niques which will result in the least post- 
operative bone resorption and remodeling. 
If high-speed rotary instrumentation is nec- 
essary to effect tooth extraction, the resorp- 
tive phase of bone remodeling will be sig- 
nificantly increased. In such a scenario, the 
clinician may contemplate a two-stage proce- 
dure, performing regenerative therapy at the 
time of tooth removal, and placing the im- 
plant at an additional visit. Such rotary in- 
strumentation is ideally avoided at all times. 
If necessary, piezosurgery is employed to 
help effect minimally traumatic root removal. 
Single-rooted teeth are always removed with 
a flapless technique, as will be discussed in 
Chapters 10 and 11. A decision is made af- 
ter tooth removal as to whether or not buc- 
cal and/or palatal/lingual flap reflection are 
necessary. 

Prior to contemplating implant place- 
ment at the time of tooth removal, the pa- 
tient’s biotype and the esthetic risks involved 
must be diagnosed and considered, as will 
be discussed in detail in Chapters 10 and 11. 
The clinician must be familiar with various 
osteotomy preparation and implant insertion 
techniques that ensure ideal implant position- 
ing at the time of removal of single-rooted 
teeth. Finally, the need or lack of need for con- 
comitant regenerative therapy, must be con- 
sidered, with regard to complexity, duration, 
and cost of care. 

In the case of multirooted teeth, it is im- 
perative that the clinician assesses the feasi- 
bility of placing an implant in an ideal restora- 
tive position at the time of tooth removal, 
the need for concomitant regenerative ther- 
apy, or the necessity of performing regenera- 
tive therapy and placing the implant at a sec- 
ond surgical visit. These considerations sig- 
nificantly impact the time and cost of therapy 
and the decision-making process regarding se- 
lection of the appropriate treatment modality. 
Chapters 8 and 9 will discuss these topics in 
depth. 


Table 1.2 Treatment options for a decayed single-rooted tooth. 
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Treatment option Advantages 


Disadvantages 


Crown-lengthening osseous surgery 1. Tooth retention 
with endodontic therapy, if 


1. Decreased periodontal support for 
the treated tooth 


necessary, followed by restoration 2. Lesser cost of therapy 2. Possible decreased periodontal 


Orthodontic supereruption with 1. Tooth retention 
crown-lengthening osseous surgery 
followed by restoration 


Tooth removal, implant placement, 
and restoration 


N= WP 


. Lessen effects on adjacent teeth 

. Ameliorate esthetic concerns 

. A high degree of predictability 

. No adverse effects on adjacent teeth 


support for adjacent teeth 
3. Possible esthetic compromise 


1. Reduced periodontal support 
around treated tooth 

. Protracted course of care 

. Greatest cost of therapy 


. Tooth loss 


. Slightly greater potential cost of 
therapy than option 1 


N= OON 


Tooth extraction, implant placement, 1. A high degree of predictability 1. Tooth loss 
concomitant regenerative therapy, 2. No adverse effect on adjacent teeth 2. Greater cost of therapy than option 1 


and subsequent restoration 


3. Slightly protracted course of therapy 


The advantages and disadvantages of each 
treatment approach are detailed in Table 1.2. 

In addition to the clinical advantages and dis- 
advantages of the above treatment approaches, a 
cost-benefit analysis must be carried out to help 
ensure appropriate patient care (Table 1.3). Inter- 
estingly, with the exception of the introduction of 
supereruption or significant regenerative therapy 
at the time of tooth removal, the differences in 


therapeutic costs are not enough to warrant se- 
lection of one treatment modality over the other. 
Rather, the site-specific considerations previously 
discussed are the overriding factors in the decision- 
making process in these situations. 

Assessment of the aforementioned clinical, 
temporal, and financial variables affords the ability 
to construct a logical decision tree for therapy when 
faced with a single decayed tooth (Flow chart 1.1). 


Table 1.3 Cost analysis of treatment options for a decayed single-rooted tooth. 


Cost as a 
Treatment option factor of “X” 
Crown-lengthening osseous surgery followed by restoration 2.5X 
Crown-lengthening osseous surgery followed by endodontic therapy and restoration, 4.0X 
single-rooted tooth 
Crown-lengthening osseous surgery followed by endodontic therapy and restoration, 4.4X 
multirooted tooth 
Orthodontic supereruption followed by crown-lengthening osseous surgery and restoration 5.3X 
Orthodontic supereruption followed by crown-lengthening osseous surgery, endodontic 6.8X 
therapy, and post and core buildup, single-rooted tooth 
Tooth extraction, implant placement, and restoration with a stock abutment 4.6X 
Tooth extraction, implant placement, and restoration with a custom abutment 5.1X 
Tooth extraction, implant placement, regenerative therapy, and restoration with a stock abutment 5.7X-6.0X 
Tooth extraction, implant placement, regenerative therapy, and restoration with a custom abutment 6.2X-6.9X 
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If a tooth may be easily crown lengthened without 
unduly compromising either adjacent teeth, its own 
periodontal support, or the patient’s esthetic pro- 
file, and no endodontic therapy is required; it is log- 
ical to perform crown-lengthening osseous surgery 
and restore the tooth appropriately. 

However, if either the support of the tooth 
to be crown lengthened or the adjacent teeth will 
be unduly compromised, or the esthetic treat- 
ment outcome will be unsatisfactory, the tooth 
should be removed and replaced with an implant. 
Concomitant regenerative therapy is performed if 
necessary. 

If a tooth may be safely crown lengthened 
without affecting its support or that of the adjacent 
teeth, and patient esthetics will not be unduly com- 
promised, but endodontic therapy will be required, 
it is still more logical to remove the tooth and place 
a single implant, assuming significant regenerative 
therapy will not be necessary. In such a scenario, 
the patient is provided with a higher degree of 
long-term predictability without a significant in- 
crease in the overall cost of care. 

Finally, if a tooth may be safely crown 
lengthened without affecting its support or that 
of adjacent teeth, the esthetic treatment outcome 
will be satisfactory, and tooth extraction and im- 
plant placement will require significant regenera- 
tive therapy, the patient may be logically treated 
by either of the aforementioned means. In such a 
situation, a clinician’s understanding of therapeu- 
tic potentials and treatment philosophy will often 
be the determining factor in treatment selection. 
Nevertheless, it is logical, if all three therapies will 
be required around a natural tooth (i.e., crown- 
lengthening surgery, endodontic therapy, and sub- 
sequent restoration), to remove the tooth and re- 
place it with an implant, due to both long-term 
predictability and cost considerations. 

The use of orthodontic supereruption fol- 
lowed by crown-lengthening osseous surgery and 
restoration, with or without endodontic therapy, is 
rarely indicated. The significantly protracted course 
and increased cost of therapy make it hard to justify 
such a treatment approach. However, orthodontic 
supereruption is often indicated in cases where it 
is impossible to attain an acceptable esthetic treat- 
ment outcome through crown-lengthening osseous 
surgery and restoration, or tooth extraction, im- 
plant placement, and restoration without orthodon- 
tic intervention to “supererupt” the interproximal 
and/or buccal hard and soft tissues. 


Scenario Two: A Single Missing Tooth 
Nowhere has the paradigm shift brought about by 
the advent of predictable regenerative and implant 
therapies been felt as strongly as in the replace- 
ment of a single missing tooth with natural teeth 
on either side. Available treatment options are as 
follows: 


(a) A three-unit fixed prosthesis: The advan- 
tages cited for such a treatment approach 
have traditionally included the alacrity of 
care and the ability to avoid surgical therapy. 
However, the introduction of newer implant 
surfaces has rendered the temporal differ- 
ences meaningless. Implants placed in sites 
where regenerative therapy is not required 
can predictably be restored 2-4 weeks after 
insertion. In situations where a single tooth 
is replaced, the implant is often temporized 
at the time of placement. The time between 
implant placement, impressioning, and abut- 
ment and crown insertion is the same as the 
time between natural tooth preparation, im- 
pression taking, and fixed prosthesis inser- 
tion. The number of visits and overall time 
required for restoration of a single implant 
are less than those required for placement of 
a conventional three-unit fixed splint on nat- 
ural teeth, as no framework try-in is required 
for single implant restoration. 

Proponents of three-unit fixed bridges 
to replace a single tooth will often cite the 
conditions of the adjacent teeth as a deter- 
mining factor in treatment selection. While 
at first glance it may appear that, if the single 
tooth edentulous site is bordered by restored 
teeth on one or both sides, it would be logi- 
cal to place a three-unit fixed bridge, as “vir- 
gin” teeth are not being compromised. This 
philosophy would appear especially cogent 
if one or both of the adjacent teeth required 
restorations. 

However, a close examination of the 
situation demonstrates that such thinking is 
inherently flawed. Teeth which have been 
restored, or which require restoration, ex- 
hibit a higher degree of probability to need 
endodontic intervention. Removal of older, 
large restorations and underlying tooth struc- 
ture often mandates endodontic intervention 
and core buildup prior to restoration. In ad- 
dition, teeth with significant carious lesions 


often require endodontic therapy. The argu- 
ment could be made that such teeth should 
be treated prophylactically with endodontics 
if they are to serve as abutments for fixed 
prostheses, so as to avoid future problems. 
Numerous studies have demonstrated 
the inadvisability of assuming that a three- 
unit fixed prosthesis will predictably remain 
intact for 20 years or more. Should one of 
the abutments of a fixed prosthesis become 
problematic, the entire prosthesis must be re- 
placed. However, should a single implant or 
the crown it supports develop problems, this 
site may be addressed individually. From the 
point of view of predictability, it is more log- 
ical to place a three-unit fixed splint utilizing 
“virgin” teeth as abutments, than to depend 
upon the teeth which have been previously 
restored or exhibit active carious lesions. 


Clinical Example Five 


A 37-year-old male presented with a severely de- 
cayed mandibular left second bicuspid (Figure 
1.24). The prognosis for this tooth was very poor. 

Reasonable treatment options included tooth 
extraction with simultaneous implant placement 
and eventual restoration, or tooth extraction with 
fabrication of a three-unit fixed splint including the 
first molar and first bicuspid. 


Figure 1.24 The mandibular second bicuspid is hopeless. 
It is best replaced with an implant abutment and crown. 
Placement of a three-unit fixed prosthesis would mandate 
endodontic therapy on the first molar. 
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The conventional argument would be that 
placement of a three-unit fixed bridge is indicated 
in this area, as the first molar presented with a sig- 
nificant amalgam restoration. However, because of 
this fact it is actually more logical to utilize a single 
implant, abutment and crown to replace the hope- 
less second bicuspid. Incorporation of the first mo- 
lar into a three-unit fixed splint would undoubtedly 
result in the need for endodontic therapy on this 
tooth, thus increasing both the complexity and cost 
of care. In addition, the patient would be left with 
an area which would be more problematic with 
regard to appropriate plaque control measures. 


Clinical Example Six 


A 61-year-old male presented with recurrent decay 
around a crown on a maxillary right second bi- 
cuspid, the terminal abutment for a two-unit can- 
tilevered fixed prosthesis (Figure 1.25). Significant 
osseous loss was noted around this bicuspid abut- 
ment which presented with a Class II mobility. In 
addition, the maxillary right first molar required 
crown-lengthening surgery and a new restoration. 

Adequate bone remained around the maxil- 
lary right second bicuspid to maintain it following 


Figure 1.25 A patient presents with recurrent caries on 
the maxillary first molar and second bicuspid, and mod- 
erate periodontal destruction around the second bicuspid. 
The first bicuspid could be replaced with a fixed prosthe- 
sis. However, such therapy would almost certainly involve 
endodontic treatment of one or both abutments. Follow- 
ing periodontal therapy to rebuild damaged alveolar bone 
around the second bicuspid, an implant was placed in the 
first bicuspid position, and the implant, second bicuspid and 
first molar were restored with single crowns. 
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amelioration of excessive traumatic forces and per- 
formance of a conservative periodontal regenera- 
tive procedure. The question now became whether 
to replace the missing maxillary first bicuspid with 
an implant, abutment and crown, or through the 
use of a three- or four-unit fixed prosthesis includ- 
ing the second bicuspid and cuspid, and possibly 
the first molar. 

If a three- or four-unit fixed prosthesis was 
utilized, the intact cuspid would be significantly 
involved. As a result, it was more logical to per- 
form the aforementioned periodontal surgical ther- 
apy around the first molar and second bicuspid, 
place an implant in the position of the first bicus- 
pid, and restore the implant, the second bicuspid 
and first molar with individual crowns. The end 
result will be greater ease of plaque control efforts 
and a highly predictable long-term prognosis. 

From an ethical point of view, it is difficult to 
justify preparation of two adjacent “virgin” teeth 
to place a three-unit fixed splint when utilization 
of a single, implant abutment and crown will leave 
these teeth intact and uncompromised. 

Patient hygiene capabilities are also enhanced 
when a single, implant abutment and crown are 
placed, as compared to a three-unit fixed splint. 
This fact once again offers a higher degree of long- 
term predictability to a single implant and crown 
as compared to a three-unit fixed bridge. 

These rationales do not mean that implant 
placement is the ideal treatment of choice in all 
areas where a single tooth is missing and natural 
teeth are present on either side of the edentulous 


space. Specific site considerations must be assessed 
prior to committing to an implant therapeutic ap- 
proach. The questions which must be asked in- 
clude the following: 


e Are the root angulations of the adjacent teeth 
appropriate for implant placement between 
them? 

e Is adequate space available mesiodistally for 
retention of the bone and covering soft tis- 
sues between the implant and the adjacent 
teeth? 

e Does the position of the inferior alveolar canal 
or the mental foramen preclude implant place- 
ment in the desired position? 

e Will concomitant horizontal augmentation 
therapy be required to place the implant in 
the appropriate buccolingual position, and to 
ensure it is housed in bone of sufficient di- 
mension to withstand functional forces over 
time? 

e Can augmentation therapy be performed at the 

time of implant placement, or must the patient 

undergo two surgical sessions? 

Is sinus augmentation therapy necessary to ef- 

fect appropriate implant placement? 

e Can sinus augmentation therapy be performed 
at the time of implant placement, or must the 
patient undergo two surgical sessions? 


The advantages and disadvantages of each 
treatment approach are outlined in Table 1.4. 

Finally, financial assessment of each treat- 
ment option must be carried out to ensure the 


Table 1.4 Treatment options for a single missing tooth in a tooth-bounded space. 


Treatment option Advantages 


Disadvantages 


Three-unit fixed bridge 1. Avoid surgical therapy 
2. Avoid vital structures 


3. Eliminate the need for regenerative therapy 


1. Involvement of adjacent teeth 

Potential for endodontic therapy 
Greater cost of treatment if endodontic 
therapy is required 


on 


4. Slightly lesser cost of therapy than implant 4. More difficult to perform adequate 


placement and restoration, if no 


home care 


endodontic therapy is required on 


abutment teeth 


Implant placement 1. No involvement of adjacent teeth 
and restoration with a 2. Greater ease of home care 
stock abutment and 3. Greater long-term predictability 


crown 


a 


. Need to avoid vital structures 
Potential need for regenerative therapy 
. Possibility of second surgical visit 


on 
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Table 1.5 Cost analysis of treatment options for a single missing tooth in a tooth-bounded space. 


Treatment option 


Cost as a factor of “X” 


Three-unit fixed bridge 


Three-unit fixed bridge with endodontic therapy and buildup on one abutment 
Three-unit fixed bridge with endodontic therapy and buildups on two abutments 


Implant placement with a stock abutment and crown 
Implant placement, regeneration, stock abutment and crown 


4.1X 
5.6X—6.0X 
7.1X-7.5X 
4.3X 
5.0X-6.4X 


patient is attaining the greatest monetary benefit 
from the care to be delivered (Table 1.5). 

Once these factors have been taken into con- 
sideration, a simple, logical decision tree may be 
formulated (Flow chart 1.2). 


Scenario Three: Multiple Missing 


Adjacent Posterior Teeth 
A long span fixed prosthesis, defined as a pros- 
thesis with more than one adjacent pontic, is 
rarely indicated due to the advent of predictable 
regenerative and implant therapies. Utilization of 
such a long span prosthesis represents a signif- 
icant compromise in patient hygiene capabilities 
and long-term predictability of therapy. The in- 
creased stresses placed upon the abutment teeth 
in these scenarios result in an unacceptably high 
incidence of abutment and hence prosthesis fail- 
ure. In addition, flexure of the prosthesis over time 
often leads to cement washout and recurrent caries 
beneath the crowns on the abutment teeth. As a 
result, the biomechanical prognosis is very poor. 

The only indications for such a prosthesis are 
in situations where the positions of vital structures, 
combined with severe ridge atrophy, render appro- 
priate implant placement impossible, even follow- 
ing extensive regenerative therapy. It must be cau- 
tioned that the clinician should not accept such a 
diagnosis too quickly. Simple, predictable regen- 
erative techniques are available to sufficiently aug- 
ment all but the most atrophic ridge. This fact, com- 
bined with the utilization of shorter implants with 
specific designs, makes it rare to encounter a site 
which may not be rendered suitable for implant re- 
constructive therapy, as will be seen in Chapters 2 
and 7. 

The only other rationale for placing a long- 
span fixed prosthesis instead of an implant- 
supported prosthesis is a patient who is medically 


unable to undergo any type of oral surgical proce- 
dure. Once again, such situations are rare. 


Scenario Four: A Missing Maxillary 
First Molar, When the Second Molar 


Is Present 

The reduced success rates of smooth surface 
threaded implants in the maxillary posterior re- 
gion initially led clinicians to avoid such therapy, 
and place conventional fixed prostheses to replace 
missing maxillary first molars. However, rough 
surface implants of various topographies and for- 
mulations have demonstrated short- and long-term 
success rates equal to those of osseointegrated im- 
plants in other areas of the mouth. As a result, 
the maxillary posterior region must no longer be 
viewed as an undesirable site for implant recon- 
structive therapy. The decision as to whether to 
place a single implant abutment and crown or a 
three-unit fixed splint should be grounded in pre- 
viously discussed considerations, including length 
and cost of therapy and long-term predictability of 
care. 

As previously detailed, the belief that a three- 
unit fixed bridge is indicated over an implant abut- 
ment and crown when one or both of the adja- 
cent teeth are either restored or require restora- 
tion, is a fallacy. The opposite is true. When the 
planned abutment teeth require removal of large 
older restorations, or treatment of significant caries 
lesions, the incidence of endodontic therapy in- 
creases dramatically, as do the complexity and 
cost of care. Significant involvement of the planned 
abutment teeth is actually an indication for place- 
ment of a single implant, abutment and crown 
rather than a three-unit fixed prosthesis. 

In addition to the already discussed compro- 
mise of greater difficulty in performing adequate 
home care measures around a three-unit fixed 
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bridge as compared to a restored implant, the suit- 
ability of a maxillary second molar to serve as a 
terminal abutment for a fixed prosthesis must be 
considered. The root morphology of the maxillary 
second molar is often conical and/or fused. In ad- 
dition, care must be taken to ensure that a dis- 
tal wedge periodontal surgical procedure is per- 
formed, if necessary, to eliminate redundant soft 
tissues on the distal aspect of the maxillary second 
molar. Failure to do so will result in a short prepa- 
ration wall and a compromise in crown retention, 
and a milieu which will pose a further difficulty 
in plaque control efforts. When faced with such a 
short preparation wall, the clinician must choose 
between two unacceptable treatment options. Ei- 
ther the preparation extends further subgingivally, 
often encountering undercuts in the anatomy of the 
tooth, or the restoration ignores these undercuts as 
it extends subgingivally, resulting in a restorative 
overhang in the furcation area. If the preparation 
does not extend in this manner, the final restora- 
tion will have a short axial wall, resulting in cement 
washout and prosthetic failure. 

The question of which therapeutic approach 
to adopt usually hinges upon the need or lack 
of need for concomitant or prior regenerative 
therapy, and the extent of the regenerative therapy 
which will be required. In order to fully address this 
topic, an in-depth discussion must be carried out 
regarding various treatment approaches for aug- 
mentation of the posterior maxilla, the indications 
for each treatment approach, and the minimum im- 
plant lengths suitable in maxillary posterior recon- 
structive scenarios. This discussion is the focus of 
Chapter 6. 

In summary, the treatment options avail- 
able for replacement of a missing maxillary first 
molar when the second molar is present are as 
follows: 


(a) A three-unit fixed splint with endodontic 
therapy if required. 

(b) Placement of a single implant without con- 
comitant regenerative therapy. The implant 
is subsequently restored with a stock abut- 
ment and crown. 

(c) Placement of a single implant with os- 
teotome therapy. The implant is subse- 
quently restored with a stock abutment and 
crown. 

(d) Placement of a single implant with concomi- 
tant sinus augmentation therapy. The im- 


plant is subsequently restored with a stock 
abutment and crown. 

(e) Placement of a single implant with concomi- 
tant sinus augmentation and buccal ridge 
augmentation. The implant is subsequently 
restored with a stock abutment and crown. 

(f) Osteotome therapy followed by implant 
placement in a second stage surgery, and 
subsequent restoration with a stock abut- 
ment and crown. 

(g) Sinus augmentation therapy, with concomi- 
tant buccal augmentation therapy if neces- 
sary, followed by implant placement at a 
second stage surgery, and subsequent 
restoration with a stock abutment and 
crown. 


While the focus of the present discussion is not 
when to select a given regenerative therapy, the 
above outline allows comparisons to be made be- 
tween three-unit fixed prostheses, implant place- 
ment and restoration, and regenerative and implant 
therapies followed by implant restoration (Tables 
1.6 and 1.7). 

A cost-benefit analysis of each treatment op- 
tion is offered in Flow chart 1.3. 

If no augmentation therapy is necessary, both 
clinical and financial determinants point to the 
most logical option as being that of implant place- 
ment and restoration with a stock abutment and 
crown. Even when an osteotome lift must be per- 
formed at the time of implant placement, it is 
inappropriate to look toward a three-unit fixed 
bridge. The performance of a concomitant os- 
teotome procedure is atraumatic and adds at most 
3-5 minutes to the overall time of the surgical 
visit. 

Should simultaneous sinus augmentation 
therapy (with or without concomitant buccal ridge 
augmentation therapy) be required at the time of 
implant placement, the clinician’s clinical philoso- 
phy and facility with various procedures will most 
likely dictate the chosen course of therapy. Per- 
formed appropriately, a sinus augmentation pro- 
cedure takes 15-20 minutes and is not problem- 
atic for the patient either during the course of 
treatment or postoperatively. If such augmenta- 
tion can be accomplished at the time of implant 
placement, the most ideal therapeutic approach is 
still implant utilization as opposed to a three-unit 
fixed bridge. However, if the treating clinician is 
not fluent in sinus augmentation procedures, and 


Table 1.6 Treatment options for a missing maxillary first molar. 
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Treatment option 


Advantages 


Disadvantages 


Three-unit fixed bridge 


Implant placement without 
regenerative therapy followed 
by restoration with a stock 
abutment and crown 


Implant placement with 
concomitant osteotome use 
followed by restoration with a 
stock abutment and crown 


Implant placement with 
concomitant sinus 
augmentation therapy 
followed by restoration with a 
stock abutment and crown 


Sinus augmentation therapy 
followed by implant placement 
at a second surgical visit 
followed by restoration with a 
stock abutment and crown 


N 


. Avoid potential regenerative therapy 
. Slightly lesser cost of therapy 
. Significantly lesser cost of therapy if 


regenerative therapy is required for 
implant placement 


. No involvement of adjacent teeth 
. No need for endodontic therapy 
. Greater ease of plaque control 


efforts 


. Greater long-term predictability 


. No involvement of adjacent teeth 
. No need for endodontic therapy 
. Greater ease of plaque control 


efforts 


. Greater long-term predictability 


. No involvement of adjacent teeth 
. No need for endodontic therapy 
. Greater ease of plaque control 


efforts 


. Greater long-term predictability 


. No involvement of adjacent teeth 
. No need for endodontic therapy 
. Greater ease of plaque control 


efforts 


. Greater long-term predictability 


. Possible need for endodontic intervention 
. Greater difficulty in plaque control efforts 
. Potential need for periodontal surgical 


therapy on the second molar 


. Second molar is often ill suited to serve as 


a terminal abutment 


. Slightly higher cost of therapy than a 


three-unit fixed bridge without endodontic 
therapy 


. Slightly higher cost of therapy than a 


three-unit fixed bridge without endodontic 
therapy 


. Greater cost of therapy than a three-unit 


fixed bridge without endodontic therapy 


. Greater cost of therapy than a three-unit 


fixed bridge without endodontic therapy 
. Need for a second surgical visit 


Table 1.7 Cost analysis of treatment options for a missing maxillary first molar. 


Cost asa 
Treatment option factor of “X” 
Three-unit fixed bridge 4.1X 
Three-unit fixed bridge with crown-lengthening surgery 5.2X 
Three-unit fixed bridge with one endodontic therapy 5.0X—5.4X 
Three-unit fixed bridge with two endodontic therapies 6.3X 
Implant placement and restoration with a stock abutment and crown 4.3X 
Implant placement with concomitant osteotome therapy and restoration with a stock abutment 4.3X 
and crown 
Implant placement with concomitant sinus augmentation therapy and restoration with a stock 6.8X 
abutment and crown 
Sinus augmentation therapy followed by implant placement at a second surgical visit and 6.8X 


restoration with a stock abutment and crown 
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views them as a major surgical event, a three-unit 
fixed bridge will be chosen as the appropriate ther- 
apy. Unfortunately, such an approach would leave 
the patient with the aforementioned compromises, 
and a lesser degree of long-term predictability 
than sinus augmentation, implant placement, and 
restoration. 

Should endodontic therapy be required on 
one or more of the abutment teeth, sinus augmen- 
tation with simultaneous implant placement would 
be the appropriate course of therapy, from both 
clinical and financial points of view. 

However, should sinus augmentation ther- 
apy have to be performed in a surgical visit prior 
to the time of implant placement, and should no 
endodontic therapy be required on the abutment 
teeth, a three-unit fixed splint is the therapeutic 
modality of choice, assuming the second molar is 
well suited to serve as a terminal abutment for 
a three-unit fixed bridge. Such an approach will 
eliminate the need for the patient to undergo two 
surgical sessions, and a protracted course of ther- 
apy. Before deciding upon this treatment approach, 
it is important to truly assess the need or lack of 
need for a separate sinus augmentation procedure, 
and to have a thorough understanding of the capa- 
bilities of implants of various lengths in replacing 
single missing maxillary posterior teeth. 


Eliminating less predictable therapies 
through implant use 

The predictability of regenerative and implant ther- 
apies affords the opportunity to avoid higher stress, 
less predictable treatment alternatives. 

Long span fixed prostheses are rarely consid- 
ered, and posterior cantilevers are never employed 
in fixed prosthetic situations. Distal cantilevers in 
posterior regions are only utilized when fabricating 
hybrid prostheses in edentulous arches. 


Clinical Example Seven 


A 36-year-old male presented with an inability to 
wear a maxillary removable partial prosthesis, and 
esthetic concerns regarding missing teeth in the 
maxillary bicuspid regions. 

A full arch fixed splint was fabricated, em- 
ploying two distal cantilevers in the maxillary right 
quadrant and one distal cantilever in the maxillary 


Figure 1.28 A temporary fixed prosthesis has been placed 
on three of the remaining maxillary teeth. Note the metal 
occlusal stops in the prosthesis, at the sites of the abutment 
teeth. 


left quadrant. These cantilevers were not in con- 
tact with the opposing dentition and only served 
an esthetic purpose. 

The patient was stable for over 10 years (Fig- 
ure 1.26). Subsequently, the patient moved out 
of the area and another practitioner reconstructed 
the mandibular arch, with a cantilevered posterior 
fixed prostheses, which occluded with the max- 
illary cantilevers already in place (Figure 1.27). 
Within one year of this therapy being completed, 
accelerated bone loss and root fractures were noted 
around the maxillary abutments, undoubtedly due 
to the greater forces being placed upon them. 

As the patient refused to wear a removable 
prosthesis at any time during therapy, treatment 
proceeded as follows: A maxillary temporary fixed 
splint was fabricated which was supported by three 
of the remaining maxillary teeth (Figure 1.28). 
Metal stops were evident on the temporary fixed 
prosthesis at the sites of the abutment teeth. 

All other maxillary teeth were extracted and 
implants were placed. Subsequent to osseointegra- 
tion of these implants, an impression was taken 
and an implant-supported temporary fixed pros- 
thesis was fabricated. The remaining natural teeth 
were extracted, additional implants were placed, 
and the temporary prosthesis was inserted. Follow- 
ing completion of osseointegration, impressions 
were taken and a full arch, implant-supported fixed 
prosthesis was fabricated (Figure 1.29). No angled 
abutments were necessary, and all screw holes ex- 
ited the prosthesis in ideal positions. A buccal clini- 
cal view of the prosthesis in place demonstrates the 
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Figure 1.26 A patient has been reconstructed with a maxillary fixed prosthesis which includes two cantilevers in the maxillary 
right quadrant and one cantilever in the maxillary left quadrant. These cantilevers are not in function. 


Figure 1.27 After more than 10 years of stability, a subsequent practitioner placed a mandibular fixed prosthesis with can- 
tilevers which occluded with the maxillary cantilevers. Within one year of its placement, the maxillary abutments demonstrated 
accelerated periodontal destruction and root fractures. 
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Figure 1.29 Following sequential implant placement and 
temporization, the final maxillary fixed prosthesis has been 
inserted. Note the ideal positions of the screw holes in the 
prosthesis. 


patient’s satisfaction with the esthetic outcomes of 
therapy (Figure 1.30). 


The influence of patient health on 
treatment plan selection: 
It is critical that the roles played by various sys- 
temic diseases and/or patient factors in the heal- 
ing and long-term predictability of different treat- 
ment approaches be well understood. Should any 
questions arise, the patient’s physicians must al- 
ways be consulted. 

Numerous comprehensive texts are available 
which discuss this topic in depth. There is no need 
to regurgitate the information here. 


Figure 1.30 A buccal clinical view demonstrates the pa- 
tient’s esthetic satisfaction. 


However, there are three common health con- 
cerns clinicians face every day, which are often 
misunderstood. 


1. Diabetes: The presence of diabetes is not an 
absolute contraindication to therapy. The lit- 
erature has demonstrated that success rates 
of regenerative and implant therapies in well 
controlled diabetics are essentially identical to 
those reported upon in nondiabetic patients 
(148). The problem arises in defining a con- 
trolled diabetic. Ideally, a consultation with 
the patient’s physician should yield the infor- 
mation that the patient in question has had his 
or her diabetes under control for a minimum 
of one year. If this is not the case, it is prudent 
to have the patient demonstrate this level of 
control prior to the initiation of regenerative 
and/or implant therapies. 

2. Intravenous bisphosphonates: Intravenous 
bisphosphonates (BIS), which are used to 
reduce bone pain and hypercalcemia of 
malignancy, have been linked with sponta- 
neous bisphosphonate-associated osteonecro- 
sis (BON). The ramifications of such prob- 
lems are often severe and must be viewed 
as an absolute contraindication to periodon- 
tal or implant surgical therapy, unless the 
patient presents with an acute situation re- 
quiring intervention. Patients with a history of 
intravenous BIS therapy must be treated with 
care, as the potential for development of se- 
vere BON is significant. Current dental proto- 
cols suggested by Marx for patients who will 
receive or are receiving intravenous BIS ther- 
apy include: 

Before initiating intravenous BIS therapy: 
Due to the recognized high level of co- 
morbidity of dental diseases with BIS 
therapy (84% of the patients followed by 
Marx and coworkers demonstrated peri- 
odontal disease, and 28.6% of these pa- 
tients demonstrated dental caries), it is 
imperative that appropriate dental exam- 
ination and diagnosis be carried out be- 
fore the initiation of BIS therapy. Once a 
thorough examination with radiographs 
has been accomplished, necessary treat- 
ment is aimed at eliminating periodon- 
tal disease, active caries, and endodon- 
tic lesions, thus helping ensure that 
invasive dental procedures will not be 


necessary in the near future. Dental im- 
plants should not be placed in these pa- 
tients. The fit of all existing prosthe- 
ses must be checked, and the prosthe- 
ses adjusted or replaced as necessary 
to minimize trauma to underlying hard 
and soft tissues. Where possible, remov- 
able prostheses should be replaced with 
fixed appliances. Finally, a thorough pro- 
phylaxis should be performed before the 
initiation of BIS therapy, and the pa- 
tient should be placed on a comprehen- 
sive four-month maintenance schedule to 
ensure their continued periodontal and 
restorative health. 


During intravenous BIS therapy: Patients 


should be seen by their periodontist and 
restorative dentist so that the dental team 
can evaluate the oral cavity for the pres- 
ence or absence of the aforementioned 
diseases and/or ill-fitting prostheses, and 
ensure that no exposed bone is present. 
A dental cleaning and fluoride treatment 
should be carried out, and the patient 
should be placed on a four-month main- 
tenance schedule to ensure continued pe- 
riodontal and restorative health. Teeth 
should only be extracted as a last re- 
sort. Nonrestorable teeth should be pre- 
pared to the gingiva and have their pulps 
extirpated, as such therapy is less risky 
than tooth extraction. Teeth with mild to 
moderate mobilities should be splinted 
together rather than removed. Teeth with 
extreme mobility should be extracted, as 
osteonecrosis is probably already present 
and merely hidden by the granulation 
tissue at the apex of the highly mobile 
tooth. Once extraction is carried out, ap- 
propriate measures must be taken with 
regard to debridement, tissue manage- 
ment, and antibiotic coverage to help 
minimize the risk of developing further 
osteonecrosis. Implants should not be 
placed in these patients. If BIS-induced 
osteonecrosis does occur, it is important 
to realize that such osteonecrosis may 
not be successfully treated by the modal- 
ities utilized for treatment of osteora- 
dionecrosis, such as hyperbaric oxygen. 
Rather, efforts must be made to control 
infection and render palliative treatment 
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to patients in the areas of the exposed 
bone. 


3. Oral BIS: Oral BIS, which are utilized in 


the treatment of osteoporosis and osteope- 
nia, are of relatively widespread use in post- 
menopausal females. Twenty-two million pre- 
scriptions for one of the oral BIS (Alen- 
dronate) were written between May 2003 and 
April 2004 alone. 

The question is whether or not oral BIS 
use predisposes a patient to the development 
of BON. This issue came to light following 
publications by Marx and coworkers (149) 
and Migliorati and coworkers (150). Each of 
these reports documented patients who had 
been taking oral BIS and demonstrated BON. 
It is important to realize that the patients in 
both of these studies had been referred to 
the institutions in question, thus making it 
impossible to assess the size of the patient 
pool taking oral BIS from which these patients 
were drawn. As a result, no statements could 
be made regarding the incidence of prob- 
lems following tooth extraction in patients 
taking oral BIS, based wholly upon these 
studies. 

Jeffcoat (151), in a single masked 
controlled study, assessed the response of 
patients taking oral BIS for 1-4 years with a 
mean time of 3 years who received implant 
therapy, compared to age-matched controls 
taking no oral BIS. Three years postimplant 
placement, no implants had been lost and no 
BON had been reported in the 25 patients tak- 
ing oral BIS. A recent study conducted in two 
private practices (152) evaluated 61 patients 
taking oral BIS for 1-5 years with a mean time 
of 3.3 years, who had implants placed in in- 
tact ridges or at the time of tooth extraction. 
None of these patients demonstrated compli- 
cations post therapy. All implants were func- 
tioning successfully by the Albrektsson crite- 
ria 12-24 months postinsertion. 

Both of these studies seem to indicate 
that, in appropriately treated patients, a his- 
tory of oral BIS does not increase the inci- 
dence of postoperative osteonecrosis or other 
complications. However, no definitive control 
studies have been published on this point. 
Naturally, prior to initiating therapy, patients 
must be informed of the likely risks and ben- 
efits of care. It is important to be cognizant 
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of this history and to treat such patients in an 

appropriate manner. 

Certain comorbidities may increase the 
chances of BON. Poor plaque control, a smok- 
ing habit, endodontic or carious pathologies, 
and overlying removable prostheses have all 
been implicated in the development of BON 
in patients with a history of oral BIS use. A 
recent article by Levin et al. (153) presented a 
patient with a history of oral BIS use who was 
wearing a maxillary removable partial pros- 
thesis. This patient developed severe BON in 
the area of impingement of the prosthesis on 
the underlying hard and soft tissues. 

In addition to eliminating the aforemen- 
tioned pathological or habitual comorbidities, 
patients benefit greatly from removing the 
torqueing forces of distal extension removable 
prosthesis from underlying hard and soft tis- 
sues. This may be especially true in patients 
with a history or oral BIS use. 

All too often implant therapies are 
viewed as an all or none scenario. A patient 
is either a “full implant patient” or is “not an 
implant patient.” Such an artificial dichotomy 
does a disservice to our patients. Implants 
may be very predictably utilized to improve 
patient treatment plans without the substan- 
tial temporal and financial commitments com- 
mensurate with full mouth reconstructions. 

Placement of individual implants in ar- 
eas of a removable prosthesis’ distal exten- 
sions affords a number of advantages: 

o Prosthetic retention is improved. 

o The need to clasp anterior teeth to pro- 
vide retention is significantly decreased or 
eliminated, thus improving the prognoses 
of these teeth. 

o The prosthesis rests upon the implants 
rather than the hard and soft tissues, thus 
lessening bone atrophy beneath the prosthe- 
sis. 

o The lever arm of the prosthesis is signifi- 
cantly reduced both immediately and over 
time. The immediate reduction in lever arm 
forces is obvious. However, continued pros- 
thesis use in a distal extension situation re- 
sults in bone atrophy and further rotation 
and levering of the removable prosthesis in 
the absence of implants. Utilization of a sin- 
gle implant in each distal extension area sig- 
nificantly lessens this problem. 


Figure 1.31 Implants have been placed in each distal ex- 
tension area and restored with locator attachments. 


A 51-year-old patient presented with a 
distal extension removable partial prosthesis. 
One implant was placed in each distal exten- 
sion area. Locator attachments were utilized 
to help support the removable partial prosthe- 
sis, thus providing increased retention, and 
ameliorating the destructive lever arms of the 
distal extension prosthesis (Figures 1.31 and 
1.32). 

Early work suggests that the risk of de- 
velopment of BON may be assessed through 
a CTX blood test. Marx and coworkers (154) 
have noted a correlation between CTX blood 
test values and the development of postopera- 
tive complications in patients taking oral BIS. 


Figure 1.32 A view of the “female” components in the re- 
movable partial prosthesis. 


They have proposed that a patient with a CTX 

value higher than 150 is at a minimal risk; a 

patient with a value between 100 and 150 is 

at moderate risk; and a patient with a CTX 
blood test value less than 100 is at a high risk 
for developing postoperative complications. 

However, the validity of this proposal has not 

yet been established through large-scale stud- 

ies. While the need for further research and 
data regarding incidence of complications and 
suggested treatment protocols for intravenous 
and oral BIS patient is obvious, the available 
literature would point to the need for absolute 
care when treating patients with a history of 
intravenous BIS use, and comprehensive but 

undeterred care when treating patients with a 

history of oral BIS use. 

4. Smoking: Smoking is not an absolute con- 
traindication to regenerative or implant 
therapies. Nevertheless, the literature has 
demonstrated that various thresholds of 
smoking are more deleterious to short- and 
long-term treatment outcomes. A reason- 
able suggestion is that patients reduce their 
smoking habit to less than 10 cigarettes per 
day prior to any type of implant or regen- 
erative therapy. No sinus augmentation, 
other than osteotome use, is carried out 
in patients who smoke. The desired level 
of smoking reduction or cessation must be 
attained and maintained for a minimum of 
three months prior to the initiation of ther- 
apy and a minimum of three months post- 
therapy. 

5. Parafunctional habits: The forces gener- 
ated from such habits significantly increase 
the chances of implant and/or prosthetic 
failure. The biological ramifications of such 
force application have been well estab- 
lished with regard to bone loss and even- 
tual implant disintegration. Prosthetic fail- 
ures as a result of biomechanical inability 
to withstand such excessive force applica- 
tion have been documented throughout the 
literature. 


Significant time should be spent with the patient 
discussing concerns regarding uncontrolled dia- 
betes, smoking, and other systemic conditions. Ef- 
forts should be made at behavioral modification 
rather than chastisement. It is illogical to tell a pa- 
tient who has been smoking 20-30 cigarettes a day 
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for decades that he or she “must stop completely.” 
It is much more effective to work with this patient 
in an effort to decrease smoking to a level below 
10 cigarettes per day. More often than not the clini- 
cian will find that the patient continues to decrease 
his or her smoking level until the habit ceases all 
together. 


Conclusions 


Claims of therapeutic success, regardless of the 
treatment modality employed, demand the ability 
to answer the following questions in the affirma- 
tive: 


Is the patient better off than before undergoing 
therapy? 

Has the longevity of the teeth been extended 
where practical and in the best interests of the 
patient? 

When natural teeth are to be maintained, has 
the longevity of the teeth been extended for as 
long as therapeutically possible? 

If regenerative and/or implant reconstructive 
therapies have been carried out, have they 
been utilized in the best interests of the pa- 
tient, and in a manner by which to en- 
sure maximization of long-term treatment out- 
comes? 


Patients are human beings who have come to us 
and entrust us to provide appropriate care for them. 
The challenge facing the conscientious clinician to- 
day is not that of mastering available techniques. 
Such mastery is easily attained through education 
and practice. The challenge we all must meet is the 
determination of when to perform which therapy 
for an individual patient, in a given situation. 
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Flow chart 1.1 Treating a decayed single tooth (Part 1 of 3). 
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Flow chart 1.1 Treating a decayed single tooth (Part 2 of 3). 
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The introduction of guided bone regeneration ther- 
apy to clinical practice affords a means of pro- 
vided previously undreamt-of treatment results 
(1-9). As a result, guided bone regeneration ther- 
apy has changed the framework within which the 
conscientious clinician practices, through the mod- 
ification of both treatment expectations, and the 
definition of a successful treatment outcome. Un- 
fortunately, because guided bone regeneration 
does not always yield optimal treatment outcomes 
due to inappropriate execution of therapy, guided 
bone regeneration is often utilized as a means to a 
compromised treatment end point. 

It has long been recognized that three semi- 
nal questions must be answered to justify a given 
guided bone regeneration treatment protocol: 


e Does it work: Is the treatment approach out- 
lined highly predictable in a variety of clinical 
situations? 

e Is it bone: Will the guided bone regeneration 
treatment approach employed and the materi- 
als utilized result in predictable regeneration 
of bone, and not of a dense nonosseous struc- 
ture? 

e Will it last: Will regenerated bone around 
implants, whether it is generated around 
implants already placed, or is generated to 
serve as a receptor for implants placed at 
the second stage, withstand function forces 
over time in a manner comparable to that of 
nonregenerated bone? 


While there is widespread agreement regarding the 
need to answer the above three questions in the af- 
firmative before accepting any treatment modality 
as an everyday component in the clinician’s arma- 
mentarium, such agreement is all too often based 
upon vague definitions of success. Is success to 
be defined merely as covering of a dehisced or 


fenestrated implant surface with regenerated hard 
tissues, or the ability to place an implant in regener- 
ated bone without generating a fenestration or de- 
hiscence? Should any consideration be given to the 
dimension of the regenerated bone and its ability to 
withstand functional forces over time? Should the 
morphology of the regenerated bone be considered? 
The initial definition of success following 
guided bone regeneration therapy, as proposed 
by Mellonig and Triplett (10), was the ability to 
completely cover a dehisced or fenestrated implant 
surface with regenerated hard tissue. While cer- 
tainly useful at the time of its introduction, such 
a definition of success, which will be called the 
first-generation definition of success, is no longer 
sufficient. At the minimum, bone of an adequate 
dimension must be regenerated to withstand 
functional forces over time. Generation of a thin, 
translucent patina of hard tissues as a covering over 
an implant surface will not add appreciatively to 
the long-term stability of the implant, as this bone 
may be expected to resorb under function over 
time. The regeneration of a sufficient dimension 
of bone to withstand functional forces over time 
will be called the second-generation definition 
of success. Is this definition of success adequate 
today? This question will be explored below. 


Diagnostic Requirements 


PATIENT EXAMINATION AND 
DIAGNOSIS 


This discussion will assume a noncontributory 
medical history. Medical contraindications to 
guided bone regeneration therapy will be discussed 
at a later point in the chapter. 

A thorough clinical examination must be car- 
ried out to assess both the patient’s regenera- 
tive needs and the feasibility of performing the 
proposed regenerative therapy. This examination 
should be grounded in the overall patient treat- 
ment plan, and must consider all planned surgical, 
restorative and orthodontic (if applicable) treat- 
ments to be carried out. 

The components of such an examination in- 
clude clinical appraisal of not only the sites that 
are to be regenerated, but also of all other aspects 
of the patient’s oral cavity, with appropriate mea- 
surements and record taking. There is no need to 
itemize the components of a thorough clinical ex- 
amination, including the status of remaining teeth, 
periodontal health, malpositioned teeth, etc. How- 
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ever, it should be stressed that care must be taken 
to accurately assess the condition of the soft tis- 
sues not only over the site to be regenerated but 
also throughout the mouth; the quantities of the 
remaining soft tissues in the area to be regener- 
ated; and both the shape and position of the resid- 
ual alveolar ridge. A full occlusal examination must 
also be carried out. 

It is imperative that, at the very least, a set 
of digital clinical photographs be taken which in- 
clude photographs of the jaw in various lateral and 
protrusive positions. A full series of radiographs 
must include the use of number zero-size films in 
the maxillary and mandibular anterior regions if 
teeth are present, so as to help ensure appropriate 
film angulations and the elimination of distortion 
of alveolar crest position and tooth root length. Ide- 
ally, these films will be digital in format. 

A formatted CAT scan study may also be nec- 
essary, depending on the therapy planned, and the 
need to assess the presence or absence of various 
pathologies. 

Facebow-mounted models are a key compo- 
nent of any treatment plan involving more than the 
most isolated of therapies. These facebow-mounted 
models serve multiple purposes, including: 


e Diagnostic: Tooth position, maxillary and 
mandibular occlusal interrelationships, wear 
facets, tooth drifting and/or supraeruption, 
and the need for orthodontic therapy are but 
a few of the important diagnostic elements 
which are best assessed through a combi- 
nation of clinical examination, clinical pho- 
tographs, and facebow-mounted models. 
Fabrication of accurate implant placement 
stents: The usefulness of surgical implant 
stents is compromised when they are fab- 
ricated on handheld or inappropriately 
articulated models. If care is to be taken to 
fabricate such stents, it is only logical to 
render them as accurate as possible in a given 
clinical situation. 

Fabrication of regeneration stents: It is fool- 
hardy to believe that regeneration stents may 
be accurately fabricated if the appropriate 
maxillomandibular interrelationship of the 
two arches has not been established through 
proper record taking and mounting of models. 


The above stents are often combined into one 
guide, or incorporated into a metal frame tempo- 
rary fixed prosthesis, both to ensure accuracy and 
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to lessen the financial impact of therapy to the 
patient. 


Technical Considerations in Guided 
Bone Regeneration Therapy (GBR) 


Guided bone regeneration is potentially one of 
the most misused, poorly understood therapies 
in the field of implant dentistry. Clinicians often 
exclude various materials from consideration due 
to perceived technical difficulties in handling, 
and complications in postoperative care. Manu- 
facturers champion materials which are meant 
to succeed in the face of such complications, 
stating that “It doesn’t matter if this membrane 
becomes uncovered”; “This membrane is meant 
to stay uncovered”; “When you use this bone 
graft material you don’t need a membrane”; “This 
material works as well as X (fill in any name), and 
is easier to use”; “This material is cheaper than X 
and works just as well.” 

The maximization of treatment outcomes fol- 
lowing guided bone regenerative therapy does not 
begin with the selection of graft materials, nor the 
utilization of various membranes. As with all other 
treatments, GBR therapy is highly diagnosis depen- 
dent. Once the appropriate diagnosis is carried out, 
the results of guided bone regenerative therapy are 
directly attributable to appropriate incision design 
and flap management. 

More than adequate data exists for us to un- 
derstand both what ideal treatment outcomes are 
following guided bone regeneration therapy, and 
how best to achieve these treatment outcomes. All 
conscientious clinicians must choose materials and 
techniques that help ensure the attainment of such 
ideal treatment outcomes. 

Such a philosophy demands a reworking of 
the conceptual framework utilized by many clin- 
icians when carrying out guided bone regenera- 
tion therapy. There are essentially two frameworks 
within which to work. 

The first is to accept the inability to overcome 
many of the bandied about limitations in guided 
bone regeneration therapy, and choose the materi- 
als to be utilized, and hence the potential of treat- 
ment outcomes, accordingly. Such an approach, 
while it will result in regeneration of some lost 
bone, will never predictably yield optimal treat- 
ment outcomes. 

The second conceptual framework to work 
within is one which strives to develop an un- 


derstanding of techniques which will overcome 
the supposed technical problems when perform- 
ing guided bone regeneration therapy, and thus af- 
ford the opportunity to choose between all avail- 
able materials. When utilizing such an approach, 
the clinician chooses the materials to be utilized by 
the specific case in question, rather than fitting the 
patient’s needs into a limited framework of thera- 
peutic capabilities. In this way, treatment outcomes 
are consistently maximized. 

When assessing the literature to determine the 
capabilities of guided bone regeneration therapy, it 
is important to do so with a critical eye and a rea- 
sonable dose of skepticism. While certainly impor- 
tant, the available literature is limited in guiding 
the clinician on a daily basis because of a number 
of factors: 


e The definitions of success are variable from 
author to author, as already discussed. Def- 
initions of success must be clearly defined, 
and must be clinically applicable. For exam- 
ple, a definition of success of ridge augmenta- 
tion therapy that includes nothing more than 
the ability to place an implant within a regen- 
erated ridge is not instructive. Did a reduced 
diameter implant have to be placed due to 
a compromised regenerative result? If a stan- 
dard or wide diameter implant was able to 
be placed, what was the width of the resid- 
ual regenerated bone on the buccal and lin- 
gual/palatal aspects of the implant? What was 
the width of the residual regenerated bone, not 
only in the apical area of the implant, where 
the ridge would be expected to be thicker in 
many situations, but also in the crestal area 
of the regenerated ridge? Was adequate bone 
regenerated to allow ideal implant position- 
ing? In situations where bone was regenerated 
over an implant fenestration or dehiscence, 
what was the width of the regenerated bone? 
These are examples of some of the questions 
which must be answered to appropriately as- 
sess the regenerative results of a championed 
treatment approach. 

e An adequate number of consecutively treated 
cases must be documented to assess the suc- 
cess and failure rates of a given therapy. 

e What types of cases were treated and docu- 
mented? If implants were placed in extraction 
sockets wholly within the three-dimensional 
confines of the alveolus, and the attendant de- 
hiscence or fenestration defects were rebuilt 


with regenerative materials, such treatment 
outcomes are not useful when assessing a spe- 
cific regenerative approach in more severe sit- 
uations. As will be explained, different mate- 
rials and techniques are often required when 
guided bone regeneration must occur around 
an implant whose body is at least partially 
outside of the confines of the residual alve- 
olar ridge. Unfortunately, limitations in avail- 
able journal space often preclude the inclusion 
of numerous clinical pictures which would be 
instructive to readers. As a result, the precise 
types of defects treated must be clearly eluci- 
dated in all publications dealing with guided 
bone regeneration. 


For example, Figure 2.1 demonstrates a tita- 
nium plasma-sprayed implant placed at the time 
of tooth removal, which resides wholly within the 
confines of the alveolus. As a result, essentially any 
resorbable graft materials covered by a membrane, 
and subsequently protected by appropriate soft 
tissue closure, will demonstrate complete regenera- 
tion of the damaged alveolar bone at the six-month 
reentry visit (Figure 2.2). The implant, following 
restoration with a single crown, should hold up 
well under function (Figure 2.3). Treatment of such 


Figure 2.1 A 4-mm-wide titanium plasma-sprayed IMZ im- 
plant has been placed following tooth removal. The implant 
is within the confines of the residual alveolar ridge. The 
area will be treated with particulate material and a covering 
membrane. 


J 
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Figure 2.2 Following flap reflection and membrane re- 
moval six months postregenerative therapy, complete re- 
generation of the alveolar bone over the previously exposed 
implant surface is evident. 


a defect is not helpful in determining either the 
appropriate surgical approach to be employed, or 
the regenerative graft and membrane materials to 
be chosen, for treatment of more challenging areas. 

Figure 2.4 demonstrates an 11-mm-long 
titanium plasma-sprayed surface implant placed in 
the area of a maxillary cuspid. A 10.9-mm buccal 


i 


Figure 2.3 The implant is restored with a single crown. 
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Figure 2.4 A 4-mm-wide and 11-mm-long titanium plasma- 
sprayed IMZ implant has been placed in the cuspid position 
in an atrophic alveolar ridge. Approximately 160° of the im- 
plant circumference is outside of the confines of the residual 
alveolar bone. 


dehiscence is noted, which extends mesially 
and distally around approximately 160° of the 
circumference of the implant. The dehisced buccal 
aspect of the implant is outside of the confines of 
the residual alveolar ridge. Nevertheless, following 
utilization of the appropriate graft materials and 
covering membrane, and assurance of mainte- 
nance of soft tissue primary closure throughout the 
course of regeneration, complete coverage of the 
previously exposed root surface with regenerated 
hard tissues is evident at the eight-month clinical 
reentry (Figure 2.5). Note both the thickness 
of the bone attained on the buccal aspect of 
the implant, and the concomitant lateral ridge 
augmentation achieved. This implant has now 
been in function for over 15 years and demon- 
strates no radiographic loss of supporting bone 
around the implant (Figure 2.6). The space noted 
between the marginal area of the prosthesis and 
the osseous crest is due to a combination of the 
implant having been placed in a noncountersunk 
manner, and various components (a transmucosal 
extension and an intramobile element) having 
been stacked on top of the implant prior to 
prosthesis placement. Such results are predictably 


Figure 2.5 Following flap reflection and membrane re- 
moval six months postregenerative therapy, extensive alve- 
olar bone regeneration is noted, covering the previously 
exposed implant surface. 


attainable regardless of implant type or position 
relative to the alveolar crest (Figures 2.7 and 2.8). 


e Reporting of appropriate parameters to assess 
regenerative success: Figure 2.6 demonstrates 
an apparently radiographically successful im- 
plant under function for 15 plus years. How- 
ever, because regeneration was performed on 
the buccal aspect of the implant, the radio- 
graph offers no evidence of maintenance or 
loss of the regenerated hard tissues. Such as- 
sessment can only be carried out through bone 
sounding. Any literature reporting upon suc- 
cess or failure of regenerated bone on the buc- 
cal aspect of implants over time must include 
both only radiographic assessment and clini- 
cal bone sounding. 


Much of the literature assessing success 
and failure of guided bone regeneration therapy 
in terms of rebuilding bone in implant defects 
present at the time of implant insertion unfortu- 
nately utilizes either the first- or second-generation 


Figure 2.6 A radiograph taken 14-plus years post-bone 
regeneration demonstrates the stability of the regenerated 
peri-implant bone. The space between the bone crest and 
the crown margin is not representative of progressive bone 
loss. Rather, it is due to the noncountersunk nature of the 
implant, and the presence of components stacked on top 
of the implant (a TIE and an IME). 


definition of success of guided bone regeneration. 
Fugazzotto et al. (11) documented success and fail- 
ure rates of guided bone regeneration around 1,503 
implants, when the guided bone regeneration ther- 
apy was performed at the time of implant place- 
ment. Implants were placed in extraction sockets 
at the time of tooth removal (581 cases); or bone 
was rebuilt at the sites of dehiscence (613 cases) 
or fenestration (209 cases) defects present at the 
time of implant placement. The definition of suc- 
cess was covering of all exposed implant surfaces 
with regenerated hard tissues. Utilizing this first- 
generation definition of success, the success rate of 
guided bone regeneration on implants placed in ex- 
traction sockets was 96.7%; in treatment of implant 
dehiscences, the success rate was 97.2%; and in 
treatment of implant fenestrations, the success rate 
was 97.6%. While these success rates are not as 
high as they would undoubtedly be today, the cases 
treated and reported upon in this paper included 
the first cases managed by the authors. A signifi- 
cant evolution in the understanding of soft tissue 
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Figure 2.7 Two 4.1-mm-wide titanium plasma-sprayed 
Straumann implants have been placed. Approximately 140° 
of the circumference of the anterior implant is outside of 
the confines of the residual alveolar bone. The area will be 
treated with particulate material and a reinforced Gore-Tex 
membrane. 


flap designs and the prerequisites for successful 
guided bone regeneration treatment outcomes, as 
well as the availability of newer materials including 
various graft materials, reinforced membranes, and 
fixation tacks, have significantly impacted success 
rates with such therapies. 

Because the definition of success utilized in 
this paper, which was prevalent at the time of pub- 
lication, was the first-generation definition of suc- 
cess, the data are of limited values when striving to 
maximize treatment outcomes when faced with a 
wide spectrum of patient problems and challenges. 


SOFT TISSUE MANAGEMENT 


The sine qua non of successful guided bone regen- 
eration therapy is appropriate flap management. 
While there is no doubt that bone regeneration 
can be achieved without attaining and maintain- 
ing passive soft tissue primary closure over the re- 
generating site, the extent and morphology of the 
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Figure 2.8 Following flap reflection and membrane re- 
moval six months postregenerative therapy, extensive bone 
regeneration over the previously exposed implant surface 
is evident. 


regenerated hard tissues will often fall short of the 
desired ideal treatment outcome. In addition, the 
resultant soft tissue covering when passive soft tis- 
sue primary closure is not maintained is usually 
thinner than desired, and represents a potential 
esthetic compromise (12-16). Any discussion of 
graft material selection or options in membrane uti- 
lization is inherently flawed if it is not conducted 
within the therapeutic envelope of predictably at- 
taining and maintaining passive soft tissue primary 
closure throughout the course of regeneration, over 
the regenerating site. 

As with all surgical procedures, soft tissue 
manipulation must be as gentle and atraumatic 
as possible. In addition, incisions should be made 
within keratinized tissue so as to ensure kera- 
tinized margins to the mucoperiosteal flaps, both 
to enhance soft tissue manipulation and to help 
avoid fraying of the mucoperiosteal flap margins. 


The basic components of incision design are 
as follows: 


e A horizontal mid-crestal incision within kera- 
tinized tissue: In all areas except the maxillary 
anterior region, this incision is made along the 
crest of the ridge. When treating edentulous 
posterior areas, this incision is carried at least 
6-8 mm distal to the area to be augmented, 
so as to provide appropriate access to the un- 
derlying atrophic ridge. The incision is carried 
to within 1-2 mm of the tooth anterior to the 
edentulous posterior region. However, the in- 
cision does not reach the adjacent tooth, so as 
to preserve a portion of the papilla and thus a 
soft tissue cover over the supporting bone on 
the distal aspect of the tooth. 


In the maxillary anterior region, two options 
are feasible. If the teeth bordering the area to be 
augmented demonstrate periodontal loss and/or in- 
frabony defect formation, the horizontal incision 
is placed palatal to the papillae rather than mid- 
crestally. This design will allow reflection of the 
papillae as unaffected units along with the buc- 
cal flap, and provides access to the roots adjacent 
to the site to be regenerated. The clinician may 
then perform debridement, periodontal regenera- 
tion, etc. as necessary in conjunction with the ridge 
augmentation therapy. 

If the teeth bordering the area to be regener- 
ated are periodontally sound on their aspects fac- 
ing the edentulous region, the horizontal incision 
is placed mid-crestally, and stops short of the adja- 
cent teeth so as to preserve the papillae. 


e Releasing incisions: In the mandible, four re- 
leasing incisions are utilized. They are placed 
at the mesiobuccal, distobuccal, mesiolingual, 
and distolingual aspects of the mid-crestal hor- 
izontal incision. These releasing incisions ex- 
tend beyond the mucogingival junction well 
into the mucosa, and are crucial if appropri- 
ate flap reflection and defect visualization are 
to be achieved. When placing a releasing in- 
cision in the vicinity of the mental foramen, 
the initial releasing incision is extended ap- 
proximately 2 mm beyond the mucogingival 
junction. The flap is then held with a tissue 
forcep, and blunt dissection is carried out in- 
ternally, until the foramen is visualized. Once 
this visualization has been accomplished, the 
releasing incision is extended at such an angle 


as to avoid the mental foramen. If the clinician 
is concerned about placing lingual releasing 
incisions, they should initially extend approx- 
imately 2 mm beyond the mucogingival junc- 
tion. The lingual mucoperiosteal flap is then 
held with a tissue forcep and the releasing in- 
cision is continued as the clinician visualizes 
the internal aspect of the flap. Such an ap- 
proach will help allay any fears the clinician 
may have regarding impingement upon struc- 
tures such as the lingual nerve, lingual artery, 
etc. If a clinician is wary of placing lingual 
releasing incisions, examination of dry skull 
specimens, and cadaver specimens if avail- 
able, will demonstrate the margin of safety 
between where the releasing incisions are to 
be placed and the vital structures in question, 
except in the most atrophic of situations. 


When guided bone regenerative therapy is to 
be performed in the maxilla, the positions of the 
releasing incisions will be dependent upon the 
type of area to be augmented. If the ridge to be 
augmented is bounded by natural teeth, the palatal 
releasing incisions are placed one tooth mesial and 
distal to the edentulous area. The reason for this 
placement will become evident. Should guided 
bone regeneration be planned in the edentulous 
maxilla, the releasing incisions should be placed 
at least 10 mm away from the anticipated site of 
augmentation. 

All palatal releasing incisions are placed 
obliquely. An oblique incision may be placed ap- 
proximately 30% less deeply into the palatal vault 
than a straight releasing incision, while still retain- 
ing the same degree of flap reflection and defect 
visualization. 


e Horizontal extensions of the releasing in- 
cisions: Horizontal releasing incisions are 
placed at the most apical extents of all buccal 
vertical releasing incisions in the maxilla 
and mandible. These horizontal releasing 
incisions should extend at least 3-4 mm, and 
may extend up to 10 mm, depending upon the 
need for greater flap mobility. Such horizontal 
extensions are not required in mandibular 
posterior regions, and are of no use through- 
out the palate, as the palatal flap cannot be 
coronally positioned. Horizontal extensions at 
the apices of the vertical releasing incisions 
are very often necessary in the mandibular 
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Mucogingival 


junction 


Figure 2.9 Vertical releasing incisions extend beyond the 
mucogingival junction, well up into the buccal fold. Note 
that the integrity of the adjacent soft tissue papillae has not 
been compromised. 


anterior region to help counteract the pull of 
the tongue, which will result in flap tension 
and subsequent retraction following suturing 
(see Figures 2.9 and 2.10). 
Full thickness flap reflection: All flaps are 
reflected in a full thickness manner, including 
the horizontal extensions at the apices of 
the vertical releasing incisions. No periosteal 
fenestration is employed at any time. The use 
of adequate full thickness flap reflection fol- 
lowing appropriate releasing incision design 
results in greater flap mobility than periosteal 
fenestration. In addition, postoperative mor- 
bidity (i.e., swelling) is much less when full 
thickness reflection is utilized as compared to 
periosteal fenestration. However, it must be 
noted that, if extension of full thickness reflec- 
tion is insufficient, inadequate flap mobility 
will result (see Figure 2.11). A useful rule of 
thumb is the following: If the clinician thinks 
that adequate flap mobility has been attained, 
it has not. If the clinician is sure that adequate 
flap mobility has been attained, it has. 

The above outlined flap designs will 
provide adequate flap mobility to attain and 
maintain passive soft tissue primary closure 
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throughout the course of regeneration, fol- 
lowing mandibular guided bone regeneration 
procedures, and the majority of maxillary 
guided bone regeneration procedures. When 
the previously outlined flap designs are not 
adequate to attain passive primary closure 
following placement of regenerative materials 
in the maxilla, a rotated palatal pedicle is 
employed. Designed and published by Fugaz- 
zotto et al. (16), the rotated palatal pedicle flap 
is carried out as follows (Figures 2.12-2.15). 

A full thickness palatal mucoperiosteal 
flap is reflected. An incision is then made 
with a 15 blade mesiodistally on the internal 
aspect of the palatal flap, approximately 3-4 
mm from the base of the mucoperiosteal flap. 
Utilizing a tissue forcep and a 15 blade, the 
flap is split internally toward its crestal aspect. 
The internal aspect of the flap is filleted, and 
rotated crestally so as to lengthen the palatal 
flap by approximately 70%. 


Figure 2.10 Horizontal releasing incisions are placed at 
the most apical extents of the vertical releasing incisions. 
These horizontal extensions will be carried for a distance 
of 3-4 mm initially. The need or lack of need for further 
extension is decided upon following flap reflection and as- 
sessment of the area to be regenerated. 


Care is taken neither to perforate the flap at its 
most crestal aspect, nor to render the residual isth- 
mus of tissue so thin as to be in danger of sloughing 
during healing. 

Figures 2.16-2.33 provide a clinical demon- 
stration of the utilization of this flap during guided 
bone regeneration surgery. A 19-year-old patient 
presented with significant ridge atrophy in the area 


Figure 2.11 All flap reflection is carried out in a full thick- 
ness manner. Figure 2.12 A palatal flap has been reflected. 
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Figure 2.13 An incision is made on the internal aspect of 
the palatal flap approximately 3-4 mm from the base of the 
flap. This incision extends mesiodistally over the area to be 
regenerated. 


Figure 2.15 Utilizing a tissue pickup and a 15 blade, the 
flap is filleted, rotating a palatal pedicle from its internal as- 
pect, and extending the flap length by approximately 70%. 


Figure 2.14 Utilizing a tissue forcep and a 15 blade, the 
internal aspect of the palatal flap is split, extending toward 
its crestal aspect. Care is taken not to excessively thin the 
isthmus of soft tissue remaining at the crestal aspect of the 
flap. 


Figure 2.16 A buccal view demonstrates both the loss of 
the maxillary right central incisor and the atrophic nature of 
the residual alveolar ridge. 
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Figure 2.17 Acrestal view demonstrates the severe buccal 
ridge atrophy which has occurred. 


Figure 2.18 A horizontal releasing incision is made 8 mm 
palatal to the crest of the ridge, and carried buccally in a 
split thickness manner. 


att 


Figure 2.19 At the buccal line angle of the ridge, a 
Goldman-Fox 7 knife is utilized to score the flap, transform- 
ing the reflection from a partial thickness reflection into a 
full thickness reflection. 


Figure 2.20 Following reflection of the buccal mucope- 
riosteal flap, the residual soft tissue covering the alveolar 
ridge is evident. 
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Figure 2.23 Following implant placement a minor buccal 
fenestration is noted. 


Figure 2.21 Buccal flap reflection reveals a significant buc- 
cal ridge defect. 


Figure 2.24 A palatal view demonstrates a moderate alve- 
olar bone dehiscence. 


Figure 2.22 A crestal view demonstrates the severe ridge 
atrophy which has occurred. 
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Figure 2.27 A crestal view demonstrates the palatal im- 
plant position which was dictated by the position of the 
residual alveolar ridge, and limitations in performing ridge 
augmentation therapy at the time of treatment. Such a ther- 
apeutic approach would not be utilized today. 


Figure 2.25 A combination of demineralized freeze-dried 
bone allograft and resorbable hydroxyapatite are placed 
around the implant. 


Figure 2.28 A Gore-Tex membrane is shaped and secured 
with a first-stage implant surgical sealing screw. 


Figure 2.26 The palatal dehiscence is covered with the 
aforementioned particulate graft mixture. 


ESS 


Figure 2.29 A crestal view demonstrates reestablishment 
of ideal ridge contours with the Gore-Tex membrane. 


Figure 2.30 Inadequate soft tissue is present to attain 
passive soft tissue primary closure. A small amount of 
soft tissue extension of the palatal flap has been gained 
through the use of the split thickness approach previously 
described. Note the palatal vertical releasing incisions at 
a distance one tooth mesial and distal from the site to be 
regenerated. 
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Figure 2.31 Following placement of an incision on the in- 
ternal aspect of the palatal flap approximately 3—4 mm from 
the base of the flap, the internal aspect of the flap is held 
with a tissue forcep. A 15 blade will now be utilized to fillet 
this internal aspect of the palatal flap. 


Figure 2.32 A palatal pedicle is rotated from the internal 
aspect of the palatal flap. 
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Figure 2.33 The rotated pedicle is tucked beneath the buc- 
cal flap and the mucoperiosteal flaps are sutured with in- 
terrupted Gore-Tex sutures. 


of her missing maxillary central incisor. Preopera- 
tive clinical examination demonstrated that regen- 
erative therapy would be necessary to maximize 
the esthetic outcomes of treatment. 

Mesial and distal releasing incisions were 
placed, taking care to preserve the papillae against 
the adjacent teeth. 

A horizontal incision was made approxi- 
mately 8 mm palatal to the crest of the ridge. This 
incision was carried buccally in a split thickness 
manner, until the buccal line angle of the ridge 
was reached. A Goldman-Fox 7 was utilized to 
score the underlying soft tissue at this point, chang- 
ing the split thickness reflection into a full thick- 
ness reflection. The buccal flap was reflected in a 
full thickness manner. Following buccal flap reflec- 
tion, soft tissue remains covering the crest of the 
ridge, which will be reflected as part of the palatal 
flap, as previously described by Langer and Langer 
(Figures 2.18-2.20). 

Following buccal and palatal mucoperiosteal 
flap reflection, the atrophic nature of the resid- 
ual alveolar ridge was evident (Figures 2.21 and 
2.22). Due to limitations of when the patient was 
treated, the implant was placed within the resid- 
ual alveolar ridge, and regenerative therapy was 
performed around the implant. As will be demon- 
strated through examination of subsequent cases, 
the treatment approach employed today would be 
to rebuild an ideal ridge form and place the implant 
in the most ideal prosthetic position. This approach 
was not considered predictable at the time the pa- 
tient in question was treated. 


Following implant placement, a minor buccal 
fenestration and a moderate palatal dehiscence 
were present (Figures 2.23 and 2.24). Note that 
a smooth surface, hex-headed, screw type Brane- 
mark implant was utilized. This implant type 
would not be employed today. 

A combination of demineralized freeze-dried 
bone and resorbable hydroxyapatite were placed 
around the implant to rebuild the desired ridge 
contours (Figures 2.25 and 2.26). The theory at 
the time of treatment was that the resorbable hy- 
droxyapatite would maintain space beneath the 
membrane and slowly resorb, while the bone mor- 
phogenic proteins in the demineralized freeze- 
dried bone allograft would facilitate conversion of 
pluripotential mesenchymal cells into bone form- 
ing cells, and thus enhance bone regeneration. As 
the new bone formed it would replace the resorb- 
ing, space maintaining hydroxyapatite. Subsequent 
research has demonstrated the fallacy of this ap- 
proach. It has been demonstrated that hydroxyap- 
atite does not resorb at a predictable rate. Further- 
more, the osteoinductive capabilities of powdered 
freeze-dried bone allograft vary widely, not only 
between companies but also from vial to vial, and 
cannot be depended upon to predictably induce the 
necessary regenerative activity. 

A crestal view made demonstrates the palatal 
position of the implant, due to its having been 
placed in the residual alveolar ridge (Figure 2.27). 
Subsequent cases will demonstrate that such an 
approach would not be acceptable today. 

Because neither titanium-reinforced mem- 
branes nor fixation tacks were available at the 
time treatment was carried out, a conventional 
e-PTFE (Gore-Tex) membrane was shaped to the 
desired ridge contours, placed over the site to be 
regenerated, and secured with a first-stage implant 
surgical sealing screw (Figures 2.28 and 2.29). 
Flap replacement demonstrated that, while some 
additional soft tissue had been gained by utilizing 
the split crest Langer and Langer approach, addi- 
tional soft tissue was required to attain passive soft 
tissue primary closure (Figure 2.30). Following 
placement of oblique palatal releasing inci- 
sions one tooth mesial and distal to the site to be 
regenerated, a horizontal incision was made on the 
internal aspect of the flap, as previously described. 
Figure 2.31 demonstrates utilization of the 1-2 tis- 
sue pickup to hold this internal aspect of the flap, 
which was to be rotated. A 15 blade was utilized 
to fillet the internal aspect of the flap (Figure 2.32), 


resulting in a significant rotated palatal pedicle flap, 
which was tucked underneath the buccal mucope- 
riosteal flap. Following suturing, the importance of 
this rotated palatal pedicle in attaining passive soft 
tissue primary closure was evident (Figure 2.33). 
The efficacy of the aforementioned flap de- 
signs in the attainment and maintenance of soft 
tissue primary closure throughout the course of re- 
generation was assessed through the examination 
of 723 consecutive guided bone regeneration cases 
(17). The following therapies were carried out: 


e Tooth extraction with concomitant ridge 
preservation/regeneration (161 cases). 

e Tooth extraction with simultaneous implant 
placement and regeneration (136 cases). 

e Regenerative therapy over implant dehis- 
cences (180 cases). 

e Apico-occlusal and/or buccal lingual ridge 
augmentation (246 cases). 


All sites were treated utilizing particulate graft ma- 
terials and either resorbable Resolut or titanium- 
reinforced Gore-Tex membranes. Therapy was ef- 
fected in all areas of the mouth. It is important to 
realize that regenerative therapy was aimed at reat- 
tainment of the prepathologic alveolar ridge mor- 
phology. Regenerative therapy in extraction socket 
areas, with or without concomitant implant place- 
ment, was not carried out in conjunction with 
“crushing” of the walls of the extraction socket de- 
fects so as to help attain passive primary closure. 
Rather, all extraction socket walls were left intact, 
and efforts were made to regenerate bone within 
them. 

The definition of success was the mainte- 
nance of passive soft tissue primary closure for at 
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least six months postregenerative therapy. If a site 
demonstrated any membrane exposure it was clas- 
sified as a failure, even if eventual implant place- 
ment and restoration were effected. 

Utilizing these criteria for success, passive soft 
tissue primary closure was maintained 96.1% of 
the time six months postoperatively (Table 2.1). 

While the ability to maintain passive soft tis- 
sue primary closure throughout the course of re- 
generation in 96.1% of the cases is encouraging, 
the fact remains that the 3.9% of the sites that 
demonstrated membrane exposure did not yield 
ideal treatment outcomes. There is no doubt that 
bone regeneration will occur in the face of mem- 
brane exposure. However, the morphology of the 
regenerated bone, and the thickness and quality of 
the covering soft tissues in such an instance, are not 
conducive to maximization of esthetic treatment 
outcomes. Figures 2.34 through 2.46 demonstrate 
such a situation. 

A patient presented with a hopeless prognosis 
for a maxillary central incisor (Figure 2.34). Fol- 
lowing tooth extraction, flap reflection, and defect 
debridement, the alveolar ridge defect is evident 
(Figure 2.35). Unfortunately, the buccal releasing 
incisions which have been employed are inade- 
quate in their apical extension. As a result, two 
compromises will be encountered. The first is that 
the titanium-reinforced membrane which is placed 
over the particulate graft materials will have to 
be secured in a more crestal position than ideal 
(Figure 2.36), resulting in less available space for 
regenerating bone, and creating an undercut in the 
regenerated bone. In addition, the flaps will be su- 
tured under tension (Figure 2.37). 


Table 2.1 Maintenance of soft tissue primary closure after GBR procedures. 


Primary Primary Percentage 
Number of closure closure primary closure 
Type of therapy cases maintained lost maintained 
Tooth extraction with concomitant ridge preservation/regeneration 161 155 6 96.3 
Tooth extraction with simultaneous implant placement and 136 130 6 95.6 
regeneration 

Treatment of implant dehiscences 180 176 4 97.8 
Apico-occlusal and/or buccal lingual ridge augmentation 246 234 12 95.1 
Total 723 695 28 96.1 
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Figure 2.34 The patient presents with a hopeless progno- 
sis for a maxillary central incisor. 


Figure 2.35 Following flap reflection and tooth extraction, 
a significant alveolar ridge defect is evident. Note the inad- 
equate apical extensions of the releasing incisions. 


Figure 2.36 A titanium-reinforced membrane is secured 
with fixation tacks over particulate graft material. Because 
of the inadequate apical flap reflection which has occurred, 
the membrane is secured in a position which is too far 
crestal and will decrease the space available for bone 
regeneration. 


Figure 2.37 The mucoperiosteal flaps are sutured with 
Gore-Tex sutures. The aforementioned inadequate flap 
reflection has resulted in the flaps being sutured under 
tension. 
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Figure 2.38 Membrane exposure is evident approximately 
five weeks after regenerative therapy has been performed. 


Figure 2.40 A buccal view demonstrates the undercut 
which has been created in the regenerating ridge, due to 
the need to secure the membrane with fixation tacks in a 
position which is too far crestal. 


Figure 2.39 The area of previous membrane expo- 

sure is evident following flap reflection six months post- 

regenerative therapy. Figure 2.41 Following membrane removal, the area of pre- 
vious membrane exposure is evident. 
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Figure 2.42 A buccal view demonstrates the severe under- 
cut created in the regenerated alveolar bone. 


Figure 2.43 Following implant placement, fenestrations 
are noted at the “apices” of the implants. 


Figure 2.44 A nonresorbable membrane is placed over the 
fenestrated areas. This membrane will be subsequently re- 
moved. 


Figure 2.45 Following implant restoration, the lack of a soft 
tissue papilla between the implants, which corresponds to 
the site of previous membrane exposure, is evident. 


Figure 2.46 Fifteen plus years postoperatively, the peri- 
implant soft tissues are stable. However, the soft tissues 
have not regenerated in the area of the missing papilla. 


This tension under suturing resulted in mem- 
brane exposure approximately five weeks post- 
regenerative therapy (Figure 2.38). Following flap 
reflection six months postregenerative therapy and 
membrane removal, both the lesser bone regener- 
ation at the site of membrane exposure, and the 
undercut created in the regenerated alveolar bone, 
are evident (Figures 2.39-2.42). Following place- 
ment of titanium plasma-sprayed IMZ implants, a 
fenestration was evident at the “apex” of the im- 
plant in the central incisor position. The limited 
selection of implant diameters and configurations 
at the time this patient was treated precluded im- 
plant selection would have avoided such a fenes- 
tration (Figure 2.43). A nonresorbable membrane 
was placed over the fenestrated area (Figure 2.44), 
and removed at a later date. Following implant 
restoration, the lack of an interimplant papilla is 
evident (Figure 2.45), and is due at least in part 
to the loss of soft tissue primary closure and sub- 
sequent membrane exposure in this site. While a 
15-plus postoperative view demonstrated stability 
of the peri-implant soft tissues, no regeneration of 
soft tissue in the papillary area has occurred. 

Membrane exposure posttherapy; a compro- 
mise in the volume and morphology of regenerated 
bone; the need to perform additional therapies; 
an increase in the complexity and postoperative 
morbidity of therapy; protraction of the length 
of therapy; and a nonideal esthetic result are 
all attributable to the use of inadequate buccal 
releasing incisions. 

Assessment of the surgical photographs of the 
sites that exhibited membrane exposure postopera- 
tively in the previously quoted study demonstrated 
three contributing factors to such exposure: 
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e Inadequate horizontal releasing incisions: If 
the extent of the horizontal releasing incisions 
is not appropriate, adequate flap mobility will 
not occur, and the mucoperiosteal flaps will 
be sutured under tension. 

The need for secondary reflection: Following 
membrane placement and securing with an 
appropriate fixation system, a secondary full 
thickness flap reflection must be carried out, 
to ensure that no flap fibers are attached to 
the bone within 3 mm of the most apical bor- 
der and the apical “corners” of the membrane. 
Failure to carry out this secondary reflection 
will result in the flap becoming caught on 
the borders of the membrane, leading to ad- 
ditional tension on the flap and an increased 
incidence of membrane exposure postopera- 
tively. 

Performance of regeneration with or without 
simultaneous implant placement in maxillary 
molar sites where the presence of an extensive 
palatal torus results in soft tissues which are 
too thin to afford the opportunity for palatal 
pedicle flap rotation: Recognition of this prob- 
lem led to the creation of a new flap design 
(Figures 2.47-2.52), described below. 


Figure 2.47 A sulcular incision is placed on the buccal as- 
pect of the second molar. This incision is extended over 
the tuberosity. Distal to the tuberosity, an oblique buccal 
releasing incision is placed. A buccal vertical releasing in- 
cision is placed on the mesial aspect of the second molar. A 
horizontal releasing incision is placed at the apex of the ver- 
tical releasing incision, as previously described. A sulcular 
incision is placed on the palatal aspects of the first and sec- 
ond molars. This incision continues along the crestal inci- 
sion on the tuberosity area, and ends with an oblique palatal 
releasing incision in the mucosa distal to the tuberosity. An 
oblique releasing incision is placed on the mesial aspect of 
the first molar. 
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Figure 2.48 The buccal and palatal mucoperiosteal flaps 
are reflected in a full thickness manner. 


Figure 2.49 The second molar is extracted, following tooth 
sectioning to preserve the residual alveolar bone. 


Figure 2.50 Following tooth removal and placement of re- 
generative materials, inadequate soft tissues are present 
for attainment of passive primary closure over the treated 
site, without flap repositioning and pedicle rotation. 


Figure 2.51 The buccal flap is rotated mesially and cre- 
stally to cover the treated site. The most mesiocrestal as- 
pect of the buccal flap will contact the distopalatal line angle 
of the adjacent tooth. A palatal pedicle flap is now rotated 
from the area palatal to the tuberosity to cover any bone 
which has been exposed following buccal flap rotation. 


Figure 2.52 The flaps are sutured with interrupted sutures. 


A buccal sulcular incision is performed 
around the tooth to be extracted. This incision is 
carried distally across the tuberosity, into the mu- 
cosa distal to the tuberosity. An oblique buccal re- 
leasing incision is placed in the mucosa distal to the 
tuberosity. A vertical releasing incision is placed at 
the mesial aspect of the tooth to be extracted, and 
a horizontal releasing incision is placed at the base 
of the mesiobuccal releasing incision, as previously 
described. A sulcular incision is placed palatally 
around the tooth to be extracted and the tooth 
mesial to the tooth to be extracted. This palatal 
sulcular incision joins the tuberosity incision which 
has already been created. A palatal oblique releas- 
ing incision is placed in the mucosa distal to the 
tuberosity. An oblique releasing incision is placed 
at the most mesial extent of the palatal sulcular in- 
cision. The buccal and palatal mucoperiosteal flaps 
are reflected in a full thickness manner. 

The maxillary molar to be extracted is sec- 
tioned and removed, with care being taken to 
preserve all remaining alveolar bone. Following 
placement of graft materials and the appropriate 
secured covering membrane, the buccal mucope- 
riosteal flap is rotated mesially and crestally. This 
rotation is easily effected, as this flap is highly mo- 
bile once adequate full thickness reflection is car- 
ried out into the mucosa distal to the tuberosity. 
The flap is rotated to such an extent as to cover 
the site treated with regeneration. The most mesio- 
crestal aspect of the buccal mucoperiosteal flap 
should contact the distopalatal line angle of the 
adjacent tooth. Such flap reflection often results in 
bone exposure in the tuberosity area. 

A rotated palatal pedicle flap is now carried 
out in the soft tissues palatal to the tuberosity. Ade- 
quate soft tissue thickness is almost always present 
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in this area to effect such therapy. While a sig- 
nificant incidence of tori on the palatal aspects 
of maxillary molars has been reported in the lit- 
erature, such tori are rarely found palatal to the 
tuberosity area. The mucoperiosteal flaps are su- 
tured with interrupted Gore-Tex and 4-0 plain gut 
sutures. 

The efficacy of these flap designs was exam- 
ined in a publication reporting upon 173 consec- 
utive guided bone regeneration procedures (18). 
Case types treated included tooth extraction with 
regeneration; tooth extraction with implant place- 
ment and regeneration; implant dehiscences; and 
apical occlusal and or buccal lingual ridge augmen- 
tation procedures. The techniques utilized to attain 
soft tissue primary closure included both those re- 
ported upon in the previously cited publication, 
and utilization of longer horizontal releasing inci- 
sions at the apical extents of the buccal vertical 
releasing incisions; “secondary reflection” around 
the apical border and corners of the membranes; 
and the incorporation of the flap designs specifi- 
cally created for utilization when extracting molars 
in areas with large palatal tori. Any membrane ex- 
posure within six months after regeneration had 
been performed was classified a failure, even if 
the regenerative therapy was successful. Utilizing 
these criteria, primary closure was maintained in 
171 of 173 cases, yielding a success rate of 98.8% 
(Table 2.2). 


SUTURING MATERIALS AND 
TECHNIQUES 
All mucoperiosteal flaps are sutured with individ- 


ual interrupted sutures. Releasing incisions are al- 
ways sutured with 4-0 plain gut sutures. Crestal 


Table 2.2 Maintenance of soft tissue closure after GBR procedures utilizing technical modifications. 


Percentage 
Primary Primary primary 
Number of closure closure closure 
Type of therapy cases maintained lost maintained 
Extraction with concomitant regeneration 73 72 1 98.6 
Extraction with simultaneous implant placement and regeneration 47 46 1 97.9 
Apico-occlusal and/or buccal lingual ridge augmentation 53 53 0 100 
Total 173 171 2 98.8 
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incisions are sutured with Gore-Tex sutures on the 
mesial and distal extensions of the mucoperiosteal 
flaps, and mid-flap. Additional Gore-Tex sutures 
may be utilized in flaps of wide expanses. The 
4-0 plain gut interrupted sutures are employed be- 
tween the interrupted Gore-Tex sutures. No con- 
tinuous sling sutures or other suturing materials 
are utilized. The Gore-Tex sutures are placed as 
mentioned to hold the flap positions passively at- 
tained through appropriate design and reflection. 
The plain gut sutures, which resorb at 3-6 days 
postoperatively, are employed to minimize patient 
discomfort due to sutures “tightening up” in mu- 
cosal areas. 


DECORTICATION 


All mandibular sites to be regenerated are decorti- 
cated with a piezo surgery tip under copious irriga- 
tion. Maxillary ridges are not decorticated, as a cor- 
tex is rarely present. The purpose of decortication 
is to open the marrow spaces, provide bleeding to 
the site, and afford a path of ingress for endothelial 
and blood cells. 

Graft material must always be placed beneath 
a covering membrane, to stabilize the blood clot 
necessary to effect bone regeneration. Failure to 
place graft material will result in clot shrinkage of 
up to 15-20%, yielding a lesser volume of regener- 
ated bone. 


MEMBRANE SELECTION 


Ideally, membrane utilization in guided bone re- 
generation therapy should accomplish a number of 
goals, including: 


e graft containment 

e defect and graft isolation from overlying soft 

tissue cells 

assistance in underlying clot stabilization 

e space maintenance in non-space-maintaining 
defects to help maximize the volume of regen- 
erated bone 


While a variety of resorbable and nonresorbable 
membranes are available for clinical use, mem- 
brane selection should not be dependent upon 
cost or ease of implementation. Rather, membranes 
should be chosen in accordance with the aforemen- 
tioned membrane functions. 

All membranes should be biocompatible, and 
nonallergenic. In addition, resorbable membranes 


should resorb at a predictable rate, and should 
not release byproducts during resorption which are 
deleterious to bone growth or overlying soft tis- 
sue healing. Nonresorbable membranes should be 
conducive to the maintenance of soft tissue pri- 
mary closure, and should not initiate a reaction in 
the soft tissues which hastens membrane exposure. 
Reinforced membranes must provide adequate re- 
inforcement to maintain the desired space in indi- 
vidual clinical situations. 

Inadequacies in clinical acumen or chosen 
technique should not be offered as an excuse for 
limiting the type of membrane utilized. If a clin- 
ician is unable to predictably attain and main- 
tain soft tissue primary closure, nonresorbable 
titanium-reinforced membranes will rarely be em- 
ployed, as the postoperative sequellae would be 
highly problematic. Rather than eliminating such 
membrane use from the clinical practice, efforts 
should be made to seek the appropriate educa- 
tion and to master techniques to properly manage 
soft tissues and ensure the maintenance of pas- 
sive soft tissue primary closure over regenerating 
sites. 


MEMBRANE FIXATION 


All membranes are fixated. Failure to secure mem- 
branes with fixation tacks or screws results in the 
following complications: 


e A greater incidence of loss of soft tissue pri- 
mary closure: A membrane which is not se- 
cured with fixation tacks, and thus is able 
to move beneath the covering mucoperiosteal 
flaps, will often institute an inflammatory pro- 
cess in the soft tissues and result in an in- 
creased incidence of membrane exposure. 

e Membrane movement beneath the mucope- 
riosteal flaps, even if membrane exposure does 
not occur, will result in a thicker connective 
tissue interposed between the covering flaps 
and the underlying membrane, thus lessening 
the volume of regenerated bone. 

e The precise quantity and morphology of re- 
generating bone is not predictable beneath 
an unsecured membrane. In contrast, when a 
membrane is secured over appropriately cho- 
sen graft materials, beneath passively closed 
covering soft tissues, the morphology of the 
regenerated bone is highly predictable. 


Table 2.3 Membrane fixation options. 
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Fixation system Advantages 


Disadvantages 


Titanium screws 


Titanium tacks 


e Ease of use in dense bone 


e Predictability in dense bone 


e Need to predrill the site 
e Length of time involved in use 
e Need to remove* 


e Need to remove* 


e No need to predrill the site 
e Ease and speed of use 


Resorbable screws 


Resorbable tacks with air gun insertion 


e Do not have to be removed 


e Do not need to be removed 
e Ease and speed of use 


e Need to predrill the site 

e Prone to fracture in dense bone 

e Problematic in delicate bone 

e Potentially disconcerting to the patient 


*Because the tacks are titanium, many clinicians elect to leave them in place. 


Any fixation system utilized during guided bone 
regeneration should meet the following criteria: 


e It must be simple to utilize. 

e Tack or screw placement must be rapid. If tack 
or screw utilization requires a great amount 
of time, the clinician will often find excuses 
not to utilize the appropriate number of tacks 
and/or screws. 

e Tack or screw removal must be easily and 
quickly accomplished. 


The systems available for membrane fixation fall 
into four basic categories (Table 2.3). When ex- 
amining the advantages and disadvantages of each 
fixation technique, it becomes evident that employ- 
ment of a simple nonresorbable tack system offers 
the greatest number of advantages and the highest 
degree of clinical applicability. 

Figures 2.53-2.57 demonstrate tack place- 
ment in an edentulous mandibular model. The tack 
is picked up in a holder (Figure 2.53). While the 
assistant reflects the mucoperiosteal flap, the clin- 
ician holds the membrane in place and brings the 
tack to the mouth, laying the tip of it against the 
membrane (Figure 2.54). Care must be taken to 
ensure that the tack holder is perpendicular to the 
plane of the membrane. Failure to accomplish this 
will result in a large number of tacks “skipping 
off” the membrane and bone surface as malleting 
begins. Such off-angle malleting may also result 
in tack fracture. A tack is gently malletted to 
place with 3-4 taps (Figure 2.55). The carrying 


instrument is not removed from the tack at this 
point. Such removal will often result in removal 
of the tack in type 3 or 4 bone. A 23 explorer is 
placed so that its end passes through the prongs 
at the head of the tack holder (Figure 2.56). The 
end of the 23 explorer is now held against the tack 
head. The carrying instrument is removed from 
the tack head in a turning motion, while the 23 
explorer holds the head of the tack in place. The 
result is fixation of the membrane in the desired 
position (Figure 2.57). The total elapsed time from 
engaging the tack in the carrying instrument, to 
removal of the carrying instrument from the head 
of the placed tack, is approximately 30-40 seconds. 

Appropriately employed guided bone regener- 
ation therapy affords the opportunity to predictably 


Figure 2.53 A fixation tack is picked up with the carrying 
instrument. 
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Figure 2.56 The head of the explorer is placed beneath 


Figure 2.54 While the assistant holds the membrane in the tines of the tack and held against the head of the tack. 
place, the tack is placed against it. Care is taken that the The carrying instrument is removed from the head of the 
carrying instrument is perpendicular to the alveolar ridge. tack in a turning motion. 


Figure 2.57 The membrane has been secured with a fixa- 
Figure 2.55 A tack is gently malletted to place. tion tack. 


manage a number of clinical challenges, includ- 
ing regeneration of bone over dehisced or fenes- 
trated implants; regeneration of bone in extraction 
socket defects surrounding immediately placed im- 
plants; and regeneration of atrophic alveolar ridges 
in bucco lingual/palatal and apio occlusal direc- 
tions in anticipation of implant placement, or to 
improve the esthetics of edentulous ridges. It is im- 
portant to utilize the aforementioned techniques to 
comprehensively manage such scenarios. 

A crucial element of successful guided bone 
regeneration therapy is membrane selection. Not 
all membrane types will afford comparable treat- 
ment outcomes in all situations. 


Clinical Example One 


Figure 2.58 demonstrates a dehisced implant in a 
maxillary bicuspid position. This dehiscence defect 
is not space maintaining. While the residual mesial 
alveolar bony wall could support a membrane in 
the appropriate position, the damage to the alveolar 
bone on the distal aspect of the implant has resulted 
in a lack of necessary bone for membrane support. 
If a resorbable membrane is placed over graft ma- 
terial, regardless of the consistency of the graft ma- 


Figure 2.58 Following implant placement, a non-space- 
maintaining buccal dehiscence defect is noted around the 
implant in the bicuspid position. This area will be treated 
with particulate material and a secured titanium-reinforced 
membrane. 
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Figure 2.59 Following flap reflection and membrane re- 
moval six months postregenerative therapy, significant alve- 
olar ridge regeneration is evident. 


terial, there is no assurance that appropriate space 
will be maintained to effect bone regeneration of 
sufficient dimension to withstand functional forces 
over time. As a result, a titanium-reinforced Gore- 
Tex membrane was placed over bovine bone ma- 
trix (Bio-Oss) graft material and secured with fixa- 
tion tacks. Six months postoperatively (Figure 2.59) 
extensive regenerated bone in this region is evident 
following membrane removal. The thickness of the 
regenerated bone must at least be sufficient to with- 
stand functional forces over time, thus fulfilling the 
second-generation definition of success for guided 
bone regeneration therapy. 


Clinical Example Two 


A severely atrophic maxillary edentulous ridge is 
evident in Figure 2.60. Following placement of 
three 4-mm-wide cylindrical implants, extensive 
fenestration and dehiscence defects were noted 
(Figure 2.61). Prior to placement of regenerative 
materials, the mesial and distal vertical releasing 
incisions were extended. Horizontal releasing inci- 
sions were placed at the most apical extents of the 
vertical releasing incisions. Due to the non-space- 
maintaining nature of the dehiscence and fenestra- 
tion defects, a titanium-reinforced Gore-Tex mem- 
brane was trimmed to shape and secured with four 
apical fixation tacks. Fixation tacks were placed at 
the mesial and distal corners of the membrane, and 
“between” the implants apically. The membrane 
was placed far enough apically to ensure that ad- 
equate space remained for placement of graft ma- 
terials beyond the apices of the implants. Once the 
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Figure 2.60 The patient presents with a severely atrophic 
maxillary alveolar ridge. 


membrane had been secured, Bio-Oss graft mate- 
rial was placed beneath it. 

Care is taken to always secure the implant 
prior to graft placement. If the graft material is 
placed first, membrane fixation is difficult, as the 
graft material may interpose itself between the 
membrane and the bone in the area where the se- 
curing tack is being placed. 

Once the graft material had been placed be- 
neath the membrane, the membrane was secured 
crestally with a single fixation tack. Passive soft tis- 
sue primary closure was attained and maintained 
throughout the course of regeneration. 

Eight months postregenerative therapy (Fig- 
ure 2.62), extensive bone regeneration is evident 


Figure 2.61 Following placement of 4-mm wide IMZ im- 
plants, severe fenestration and dehiscence defects are 
noted. This area will be treated with a Bio-Oss and a se- 
cured titanium-reinforced membrane. 


Figure 2.62 Following flap reflection and membrane re- 
moval eight months postregenerative therapy, extensive 
alveolar bone regeneration is noted around the implants. 


following membrane removal. This result could not 
be predictably obtained utilizing a resorbable mem- 
brane over particulate graft material. 


IMPLANT PLACEMENT IN ATROPHIC 
RIDGES 


Placement of implants in ridges which demonstrate 
severe bucco lingual/palatal atrophy may prove 
challenging. The tendency is for the bur to move 
along the ridge as pressure is applied, resulting in 
osteotomy preparation in a nonideal position. Such 
a problem is easily overcome utilizing a specific 
osteotomy preparation technique (19) designed 
for atrophic ridges (Figure 2.63-2.67). A 2- or 


Figure 2.63 A 2.2-mm wide bur is placed perpendicular to 
the residual alveolar ridge and utilized at a speed of 1000 
RPMs. 


Figure 2.64 Both lateral and vertical pressures are applied 
with the bur, creating a notch in the alveolar ridge, which 
will stabilize the bur during osteotomy preparation. 


2.2-mm-wide twist drill (depending upon the im- 
plant system to be utilized) is placed perpendicular 
to the residual alveolar ridge. Its precise position 
on the alveolar ridge is dependant upon the desired 
position of final implant placement. The bur is em- 
ployed at a speed of 1,000 RPMs. As the bur enters 
the ridge, pressure is applied laterally and verti- 
cally. The result is that the bur creates a “notch” 
in the ridge. The bur is straightened up gradually 
as it proceeds more apically. Once the bur has at- 
tained its appropriate vertical position, the side of 
the bur will prepare the previously uncut alveolar 
ridge crestal to the initial point of entry. Sequen- 
tially sized burs are utilized as suggested for the 


Figure 2.65 Each sequentially sized bur enters the os- 
teotomy at a lesser angle, until the final bur insertion ap- 
proaches that of conventional osteotomy site preparation. 
The side of the bur prepares the previously unprepared 
alveolar bone crestal to the initial point of bur entry. 
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Figure 2.66 The implant is inserted following tapping of the 
osteotomy site. 


given implant to be placed. Each bur entry is made 
at a lesser angle to the ridge, until the final bur 
enters the osteotomy site at close to conventional 
angulation. 

Prior to implant placement the site is tapped, 
even if a self-tapping implant is to be utilized. 
Placement of an implant in such a situation often 
results in only 2-3 threads of the implant securing 
the fixture in the osteotomy. As a result, it is imper- 
ative that the site first be tapped, as adequate bone 
is not present to allow movement and “wobbling” 
of the implant as it engages the compromised walls 
of the osteotomy. 

Once the implant has been secured in the ap- 
propriate position, a titanium-reinforced Gore-Tex 
membrane is secured with fixation tacks. Graft 
material is placed beneath the membrane and 


Figure 2.67 Regenerative materials are placed beneath a 
secured titanium-reinforced membrane. 
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an additional crestal tack is placed, if necessary. 
Attainment of soft tissue primary closure proceeds 
as previously described. 

Although such an approach affords the ability 
to predictably place implants in severely atrophic 
ridges and attain primary stability at the time of the 
insertion, with the confidence that sufficient bone 
may be regenerated to cover all exposed implant 
surfaces, such an approach is not always the 
treatment of choice. Because implant positioning 
is limited by the location of the residual alveolar 
ridge, implants placed in severely atrophic ridges 
often must be placed in a position palatal to the 
ideal prosthetic position which would help ensure 
maximum esthetics of the final treatment outcome. 
In addition, narrower implants will often have to 
be placed in severely atrophic ridges, as compared 
to the diameters of implants which could be placed 
in ideally regenerated alveolar ridges. Such a 
quandary is underscored in the examination of the 
following patient. 


Clinical Example Three 


A 19-year-old girl presented following trauma in 
which she had avulsed her maxillary and mandibu- 
lar incisors, as well as having lost significant por- 
tions of her maxillary and mandibular anterior alve- 
olar ridges. 

Examination of the residual maxillary ante- 
rior alveolar ridge demonstrated that inadequate 
bone remained for ideal implant positioning, which 
would be necessary to afford appropriate implant 
restoration and esthetics (Figures 2.68 and 2.69). 
Due to the morphology of the residual alveolar 
bone, a titanium-reinforced Gore-Tex membrane 


Figure 2.68 A 19-year-old girl presents having avulsed her 
maxillary anterior teeth. 


Figure 2.69 Flap reflection reveals the damaged nature of 
the buccal alveolar bone, and a ridge morphology which 
precludes ideal implant positioning. 


was chosen. This membrane was shaped with a 15 
blade in such a manner as to preserve its space 
maintaining capabilities where regeneration was 
required, while not impinging upon either the nasal 
spine or the nasopalatine foramen (Figure 2.70- 
2.74). The mucoperiosteal flaps were passively su- 
tured utilizing interrupted Gore-Tex and 4-0 plain 
gut sutures (Figure 2.75). 

Six months postregenerative therapy, passive 
soft tissue primary closure had been maintained 
(Figure 2.76). A CAT scan taken at that time 
demonstrated the extensive buccal ridge regener- 
ation which had occurred. The buccal palatal di- 
mension of the alveolar ridge had been increased 
two- to threefold (Figure 2.77). Flap reflection and 
membrane removal confirmed the extensive bone 
regeneration which had taken place (Figure 2.78). 


Figure 2.70 A titanium-reinforced Gore-Tex membrane is 
trimmed with a 15 blade, so as not to impinge upon the 
nasal spine or the nasopalatine foramen. 


Figure 2.71 The membrane is secured with fixation tacks. 


Figure 2.72 The horizontal releasing incisions are ex- 
tended to increase flap mobility. 
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Figure 2.73 Additional flap reflection is carried out over the 
nasal spine area. Blunt, full thickness dissection will now be 
accomplished to a distance of 3 mm from the apical border 
and corners of the membrane. 
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Figure 2.74 Flap mobility is tested to ensure that the flap 
may be brought to a position equal to the levels of the 
marginal ridges of the adjacent teeth. 


Figure 2.75 The flaps are sutured with interrupted Gore- 
Tex and 4-0 plain gut sutures. 


Figure 2.76 Six months postregenerative therapy, passive 
soft tissue primary closure has been maintained. 
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Figure 2.77 A six-month postoperative CAT scan demonstrates the extensive buccal ridge regeneration which has occurred. 
The buccopalatal width of the ridge has been increased two- to threefold. 


Figure 2.78 Six months postoperative, flap reflection and membrane removal confirms extensive regenerated bone. 
Implants may now be placed in ideal positions. 


Figure 2.79 The same patient presents having avulsed her 
mandibular anterior teeth. 


Implant may now be placed in ideal prosthetic po- 
sitions. 

The same patient’s mandibular arch demon- 
strated similar alveolar bone loss in conjunction 
with tooth avulsion (Figures 2.79 and 2.80). A 
Gore-Tex membrane was trimmed and secured 
with fixation tacks, and graft material was placed 
beneath it (Figure 2.81). Following confirmation of 
adequate buccal and lingual mucoperiosteal flap 
mobility, the soft tissue flaps were sutured with 
interrupted Gore-Tex and 4-0 plain gut sutures 
(Figure 2.82). Flap reflection and membrane 
removal six months postregenerative therapy 
demonstrated extensive alveolar ridge regenera- 
tion, which will allow implant placement in ideal 
prosthetic positions (Figure 2.83). 
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Figure 2.80 Flap reflection demonstrates the damaged 
alveolar ridge. 
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Figure 2.81 Following appropriate contouring, the mem- 
brane is secured with fixation tacks. 
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Figure 2.82 Particulate materials are placed, flap mobility 
is ensured, and the mucoperiosteal flaps are sutured with 
interrupted Gore-Tex and 4-0 plain gut sutures. 


Figure 2.83 Following six months reentry and membrane 
removal, extensive alveolar ridge regeneration is noted. 
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THE INFLUENCE OF INFLAMMATION 
AND INFECTION ON GUIDED BONE 
REGENERATION THERAPY 


The ability to effect guided bone regeneration, 
with or without simultaneous implant placement, 
in the face of an active inflammatory lesion is 
often called into question. The advent of osseoin- 
tegrated implant utilization in North America was 
accompanied by the warning that all “infected 
teeth” should be extracted, defects should be 
debrided, and sites should be allowed to heal for 
approximately one year before placing implants. 
Such caution was meant to ensure that no active 
inflammatory lesions were present in the bone 
receptor sites. Numerous authors have demon- 
strated the ability to place implants and predictably 
attain osseointegration at the time of extraction 
of periodontically and/or endodontically involved 
teeth. Such results challenged the concept of 
having to definitively resolve inflammatory lesions 
prior to implant placement. 

A previously reported upon case demon- 
strates the envelope of possibility when considering 
implant placement in the face of an active inflam- 
matory lesion (Figures 2.84-2.91). 

A patient presented with a fractured and fis- 
tulating mandibular right first bicuspid. Follow- 
ing tooth removal, the defect was debrided, and 
a 3.3-mm-wide and 8-mm-long titanium plasma- 
sprayed IMZ implant was placed. One half of the 
extraction socket was filled with Interpore 200. 
No graft materials were placed in the other half 
of the extraction socket. The area was covered 


Figure 2.84 A patient presents with a fractured and fistu- 
lating mandibular first bicuspid. 


Figure 2.85 Following tooth removal and defect debride- 
ment, a 3.3-mm-wide and 8-mm-long titanium plasma- 
sprayed IMZ implant has been placed. One half of the 
socket will be filled with Interpore 200. No graft material 
will be placed in the other half of the socket. The area will 
be covered with a nonreinforced Gore-Tex membrane. 


Figure 2.86 Eight months posttherapy flap reflection and 
membrane removal demonstrate complete bone regenera- 
tion in the area. 


Figure 2.87 The implant and surrounding bone are re- 
moved with a trephine bur. 


with a nonresorbable, nonreinforced Gore-Tex 
membrane. Flap reflection and membrane removal 
eight months postoperatively demonstrated com- 
plete regeneration of the alveolar ridge in the 
treated area (Figure 2.86). A block section was 
taken utilizing a trephine (Figure 2.87). A longer, 
wider implant was placed at this time. Following 
implant uncovery, the patient received an abut- 
ment and implant crown. All therapy was per- 
formed for the patient at no charge. 

The block section was prepared, stained, and 
processed by Dr Donath of Germany. Figure 2.88 
demonstrates a gross section of the histological 
specimen. Figure 2.89 is a view of the base of the 
implant in prior host bone. 

New bone regeneration and attainment of os- 
seointegration are evident on the side of the im- 
plant where Interpore 200 was placed prior to mem- 
brane utilization (Figure 2.90). 
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Figure 2.88 A gross histologic section demonstrates the 
implant and residual Interpore 200 particles. 


New bone formation and osseointegration are 
also present on the side of the implant where only 
a membrane had been placed (Figure 2.91). 

Three important facts were demonstrated by 
this histological study: 


e Guided bone regeneration may be accom- 
plished in the face of an active inflammatory 
lesion. 

e Osseointegration may be attained when an im- 
plant is placed in an “infected site.” 

e Bone regenerated at the time of implant place- 
ment in an “infected site” will attain osseoin- 
tegration to the implant. 
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Figure 2.89 A histologic view of the base of the implant 
which had been placed in the residual host bone. 


Tooth Extraction as a Reconstructive 
Event 

The aforementioned three facts significantly im- 
pact treatment planning and patient care. The re- 
alization that guided bone regeneration, with or 
without simultaneous implant placement, may be 
predictably and successfully performed in the ar- 
eas of active inflammation represents a significant 
paradigm shift. No longer must teeth be extracted, 
and ridges be allowed to resorb during healing, 
resulting in esthetic and morphologic challenges. 
No longer must a patient undergo multiple proce- 
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Figure 2.90 A histologic view of the side of the socket 
treated with Interpore 200 and the covering Gore-Tex mem- 
brane demonstrates regeneration of healthy, viable bone, 
attainment of osseointegration, and residual Interpore 200 
particles. 


dures as teeth are extracted, sites are allowed to 
heal, resorbed ridges are rebuilt, and implants are 
eventually placed. No longer must significant 
hard and soft tissue augmentation procedures 
be performed in pontic areas following post- 
extraction resorption prior to prosthetic re- 
construction. 

Tooth extraction should be viewed as an op- 
portunity to perform the necessary reconstructive 
therapy, whether it be hard tissue augmentation, or 
implant placement with concomitant guided bone 
regenerative treatment. 


Fag Ai 4) 
Figure 2.91 A histologic view of the site treated only witha 
covering membrane demonstrates regenerated viable bone 
and osseointegration. 


Clinical Example Four 


However, Figure 2.92 details a more significant 
guided bone regeneration result. A 26-year-old 
young male presented with a vertically fractured 
maxillary central incisor. Flap reflection revealed 
complete dehiscence of the buccal surface of the 
fractured root. A significant defect was evident fol- 
lowing tooth extraction. If no regenerative therapy 
was performed in this region, unpredictable ridge 
resorption would have occurred, leading to esthetic 
disfiguration, inadequate bone for ideal implant 
positioning, and potential bone loss on the inter- 
proximal surfaces of the adjacent teeth. As a result 
of these concerns, graft material was placed be- 
neath a nonresorbable titanium-reinforced mem- 
brane. Following membrane removal six months 
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Figure 2.92 A significant ridge defect is evident following 
removal of a vertically fractured maxillary central incisor. 
Failure to perform regeneration at the time of tooth removal 
would result in marked alveolar ridge resorption with its 
attendant compromises. 


postregeneration, an ideal ridge form was evident 
(Figure 2.93). An implant may now be placed in an 
ideal restorative position. 


Clinical Example Five 


A patient treated in 1989 demonstrates the poten- 
tial advantages of reconstructive therapy at the 
time of tooth removal. This 41-year-old female pre- 
sented with two fractured and fistulating maxillary 
cuspids (Figure 2.94). The four maxillary incisors 
were missing and had been replaced by pontics 
in her fixed reconstruction. Due to a less com- 
plete understanding of regenerative and implant 
treatments in 1989, the patient’s therapy would 
entail a number of phases. The maxillary cuspids 
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Figure 2.93 Flap reentry six months following regenerative 
therapy with particulate material and a covering membrane 
demonstrates reattainment of an ideal ridge form in antici- 
pation of implant placement. 


would first be extracted, the defects debrided, 
and regenerative therapy performed. Once this 
regeneration was complete, the atrophic ridge in 
the incisor region would be rebuilt through guided 
bone regeneration. Finally, a series of implants 
would be placed in the maxillary arch which would 
eventually be restored with fixed prosthetics. 


Figure 2.94 The patient presented with fractured and fis- 
tulating maxillary cuspids, which were helping to support a 
full arch fixed reconstruction. Due to limitations in therapy 
in the late 1980s, treatment was to be performed in three 
distinct stages. 


Figure 2.95 Following flap reflection, tooth extraction, and 
defect debridement, a severe osseous defect was evident 
in the area of the maxillary left cuspid. This region was 
treated with particulate graft material and a nonreinforced 
covering membrane. 


Figure 2.95 demonstrates the alveolar ridge 
defect present following removal of the maxillary 
left cuspid. Due to the limitations of available ma- 
terials at the time, demineralized freeze-dried bone 
allograft and a nonresorbable nonreinforced cover- 
ing membrane were utilized to effect bone regen- 
eration. 

Six months posttherapy, mucoperiosteal flaps 
were reflected in anticipation of performing guided 
bone regeneration in the maxillary incisor region. 
Flap reflection demonstrated the difference in alve- 
olar ridge morphology in the area of the missing 
cuspid, where regenerative therapy was performed 
in the presence of a severe defect at the time of 
tooth removal, and in the area of the lateral incisor 
where no regenerative therapy had been performed 
when the tooth was removed. The difference in 
ridge morphology was dramatic (Figure 2.96). 

It could be contended that the morphology 
demonstrated in the incisor region was the result 
of disuse atrophy over time. However, the dental 
literature has never demonstrated such disuse at- 
rophy to occur. It is well documented that ridge 


Figure 2.96 Following flap reflection and membrane re- 
moval six months postregenerative therapy, the dramatic 
difference in alveolar ridge morphology between the in- 
fected site treated with regeneration at the time of tooth 
removal, and the adjacent alveolar ridge where no regener- 
ative therapy was performed at the time of tooth removal, is 
dramatic. The difference between destructive (tooth extrac- 
tion) and reconstructive (tooth extraction with concomitant 
regeneration) has been underscored. 


resorption and bone loss will occur up to one year 
post-tooth extraction if regenerative therapy is not 
performed at the time of tooth removal. The lit- 
erature has also documented continued ridge at- 
rophy beneath removable prostheses, or beneath 
fixed prostheses that impinge on the ridge either at 
rest or through flexure during function. The litera- 
ture has never demonstrated continued ridge atro- 
phy beneath well fitting fixed prostheses over time. 
The difference in ridge morphologies between the 
augmented cuspid site and the nonaugmented lat- 
eral incisor site represents the difference between 
destructive (tooth extraction) and reconstruction 
(tooth extraction with concomitant regeneration) 
therapies. 

Considering the abilities of talented clinicians 
to restore teeth in such a manner as to render them 
indistinguishable from their natural counterparts, it 
is illogical not to regenerate the hard tissue scaffold 
of the soft tissue drape of esthetics whenever teeth 
are removed. 
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Figure 2.97 A patient presents with a vertically fractured 
and fistulating maxillary central incisor. 


Clinical Example Six 


Performance of regenerative therapy at the time 
of tooth removal has the potential to rebuild the 
prepathologic ridge morphology, or to extend be- 
yond the original confines of the alveolar ridge. A 
31-year-old female (Figure 2.97) presented with a 
vertically fractured maxillary central incisor. Fol- 
lowing tooth extraction (Figure 2.98), an extensive 


Figure 2.98 Following flap reflection, tooth extraction, and 
defect debridement, a severe alveolar defect is evident. 
Failure to perform regeneration at the time of tooth removal 
will result in extensive bone loss and ridge collapse. 
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Figure 2.99 Following flap reflection and membrane re- 
moval six months after regenerative therapy has been per- 
formed, extensive alveolar bone regeneration is evident be- 
yond the original confines of the alveolus. 


ridge defect was evident. Failure to perform ap- 
propriate regenerative therapy at this time would 
result in severe ridge collapse, an esthetic de- 
formity, inadequate bone for implant placement, 
and compromise of the interproximal bone of the 
adjacent teeth. As a result, Bio-Oss was placed 
beneath a covering titanium-reinforced Gore-Tex 
membrane, secured with fixation tacks. Passive 
soft tissue primary closure was attained and main- 
tained throughout the course of regeneration. 

Flap reflection and membrane removal six 
months postregenerative therapy demonstrated 
regeneration of all lost alveolar bone, as well as 
generation of bone beyond the original confines of 
the alveolus (Figure 2.99). This excess bone was 
removed at the time of implant placement, so as 
to provide a more natural ridge form. 

The inability to predictably maintain passive 
soft tissue primary closure following tooth removal 
and placement of regenerative materials has di- 
rectly contributed to the development of a number 
of proposed alternative therapies. Such approaches 
include: 


e Tooth extraction without concomitant regen- 
erative therapy. The site is allowed to heal for 
5-6 weeks, allowing soft tissues to migrate 
over the extraction socket, providing adequate 


Figure 2.100 Following tooth removal and defect debride- 
ment, a buccal fenestration is evident in the alveolar ridge. 


soft tissue to effect passive primary closure 
following placement of regenerative materials. 
Proponents of this approach state that by 
reentering the area six weeks postextraction, 
only minimal bone resorption has occurred. 
While this statement may be true if a patient 
presents with an intact, thick buccal alveolar 
plate, such a scenario is not always encoun- 
tered. Figures 2.100 and 2.101 demonstrate 
a compromised site following extraction of 
a maxillary first bicuspid. The combination 
of a buccal fenestration and a thin residual 
buccal alveolar ridge would lead to extensive 
alveolar resorption following tooth removal if 
regenerative therapy was not performed 
during the same visit, regardless of whether 
an implant was placed at the time of tooth 
removal. Passive soft tissue primary closure 
is easily attained over the site in question 
through the utilization of one of two ap- 
proaches. Either the buccal flap is coronally 
positioned following placement of appropriate 
vertical releasing incisions with horizontal 
releasing incision extensions and full thick- 
ness reflection, or a rotated palatal pedicle 
is utilized to attain soft tissue closure over 


Figure 2.101 A crestal view demonstrates the thin labile 
nature of the buccal alveolar plate. Failure to perform re- 
generative therapy at the time of tooth removal, either alone 
or in conjunction with implant placement, will result in se- 
vere ridge resorption and the attendant compromises. 


the extraction socket without crestal reposi- 
tioning of the buccal flap and the attendant 
compromise to the buccal vestibule. 

Various authors have also proposed that the 
tooth to be extracted be prepared to osseous 
crest. The soft tissue is then allowed to 
granulate over the root for approximately 
6-8 weeks, providing adequate soft tissue to 
effect passive primary closure following tooth 
extraction and regenerative therapy with or 
without simultaneous implant placement. 
Such an approach represents two compro- 
mises. The first is that the patient must 
undergo two procedures, one to prepare the 
root to osseous crest and one to extract the 
root and proceed with regenerative therapy 
and possible implant placement. The second 
compromise is that the clinician is now faced 
with having to extract a root which has been 
prepared to osseous crest. Such an extraction 
often leads to additional bone removal to gain 
access to the root in question. 
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The utilization of well-thought-out innovative flap 
designs eliminates the need to employ such ther- 
apies in the quest to attain and maintain passive 
soft tissue primary closure throughout the course 
of regeneration. 


MEMBRANE SELECTION 


Membrane selection must be driven by the mor- 
phology of the defect to be treated. Resorbable 
membranes should not be employed over non- 
space-maintaining defects, as their ability to main- 
tain space and ensure a precise morphology to the 
regenerated hard tissues when placed over graft 
materials is not predictable (Flow Chart 2.1). 

With the advent of preparations rich in 
growth factors (PRGFs), which offer a fibrin mem- 
brane derived from the patients’ own blood im- 
pregnated with platelets and growth factors which 
are time released over 10-12 days, the indications 
for resorbable membranes are few. 

As will be discussed in Chapter 3, PRGF of- 
fers a bioactive alternative to resorbable mem- 
branes. However, PRGF does not have space main- 
taining capabilities, for use alone as a membrane 
to effect guided bone regeneration in non-space- 
maintaining defects. 


Clinical Example Seven 


Figures 2.102 and 2.103 offer two views of an 
alveolar defect following extraction of a maxillary 
central incisor. Due to the loss of a significant 
amount of buccal alveolar bone, the defect is not 
space maintaining. Following placement of bovine 
bone matrix, a resorbable membrane was placed 
over the graft material, and secured with two fixa- 
tion tacks. Passive soft tissue primary closure was 
attained and maintained throughout the course of 
regeneration. Two views of the area at the six- 
month reentry demonstrate that, while significant 
bone regeneration has occurred, the prepathologic 
ridge morphology has not been reattained (Fig- 
ures 2.104 and 2.105). Where the initial alveolar 
defect was not space maintaining, membrane col- 
lapse led to a diminution of the quantity of regen- 
erated bone. In addition, the buccal line angle of 
the alveolar ridge was not regenerated, and can- 
not provide the necessary support to the covering 
soft tissues. In order to maximize esthetic treatment 
outcomes following implant placement, either 
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Figure 2.104 Following flap reflection six months post- 
regenerative therapy, bone regeneration in the extraction 
socket defect is evident. However, an ideal alveolar ridge 
bone has not been regenerated. 


Figure 2.102 Following removal of a fractured maxillary 
central incisor, the damaged buccal alveolar plate is evi- 
dent. 


Figure 2.105 A crestal view demonstrates a failure to re- 
generate the buccal line angle of the alveolar ridge. Addi- 
tional regenerative therapy or connective tissue graft place- 
ment will be required to maximize the esthetic outcomes of 
treatment. 


Figure 2.103 A crestal view demonstrates the non-space- 
maintaining nature of the residual extraction socket defect. 
The area was treated with Bio-Oss and a fixated resorbable 
covering membrane. 


additional regeneration will have to be performed, 
or a connective tissue graft will have to be placed. 


Clinical Example Eight 


Figures 2.106 and 2.107 demonstrate a defect in 
another patient, following extraction of a hopeless 
maxillary central incisor. At first glance, this defect 
appears to have greater space maintaining capabil- 
ities than the previous case. However, the buccal 
alveolar walls required for membrane support are 
only present in the apical 2/3 of the defect. The cre- 
stal area of the defect is devoid of buccal alveolar 
support, and is not space maintaining. The defect 
was treated with bovine bone matrix and a cover- 
ing resorbable membrane which was secured with 
two fixation tacks. Passive soft tissue primary clo- 
sure was attained and maintained throughout the 
course of regeneration. 

The six-month reentry (Figures 2.108 and 
2.109) demonstrates significant bone regeneration. 
However, the prepathologic ridge morphology has 
only been reestablished where adequate buccal 
bone remained to support the membrane appropri- 
ately. Once again, the crestal area of the alveolar 
ridge is compromised with regard to both quantity 
of regenerated bone and ridge morphology. Follow- 
ing implant placement, a connective tissue graft 
will have to be placed to maximize the esthetic 
outcomes of therapy. 


Figure 2.106 Following extraction of a fractured maxillary 
left central incisor, the morphology of the residual extraction 
socket defect is evident. Buccal walls remain at the apical 
half of the defect, to help afford membrane support. 
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Figure 2.107 A crestal view demonstrates the lack of sup- 
porting buccal alveolar walls in the extraction socket at its 
most crestal aspect. The defect was treated with Bio-Oss 
and a fixated resorbable covering membrane. 


Clinical Example Nine 


Following loss of a hopeless maxillary central in- 
cisor in another patient, an extensive buccal alve- 
olar ridge defect is noted which presents with 


Figure 2.108 Following flap reflection six months post- 
regenerative therapy, extensive bone regeneration in the 
previous extraction socket defect is evident. Note the ideal 
ridge form in the apical half of the prior defect. 
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Figure 2.109 A crestal view demonstrates a failure to re- 
generate a buccal alveolar ridge line angle, due to the lack 
of supporting buccal walls of the extraction socket defect 
in this region. Further regenerative therapy, or connective 
tissue grafts, will have to be employed to maximize esthetic 
treatment outcomes. 


no buccal alveolar walls to help maintain space 
beneath a covering membrane (Figure 2.110 and 
2.111). As a result of the defect morphology, a 
titanium-reinforced Gore-Tex membrane was uti- 
lized over a Bio-Oss graft. The membrane was se- 


Figure 2.110 Following removal of a fractured maxillary left 
central incisor, an extensive ridge defect is noted. 


Figure 2.111 A crestal view demonstrates the lack of buc- 
cal supporting walls around the complete extent of the ex- 
traction socket defect. The defect was treated with Bio-Oss 
and a fixated titanium-reinforced Gore-Tex covering mem- 
brane. 


cured with two fixation tacks, and passive soft tis- 
sue primary closure was attained and maintained 
throughout the course of regeneration. 

Following flap reflection and membrane re- 
moval six months postoperatively, regeneration 
of an ideal alveolar ridge form was evident (Fig- 
ures 2.112 and 2.113). Note the reattainment of a 
buccal alveolar ridge line angle in the appropriate 
position to support the overlying soft tissues. No 
additional hard or soft tissue augmentation therapy 
will be necessary at the time of implant placement 
to maximize the esthetic outcomes of therapy. Free 
floating Bio-Oss graft particles were noted at the 
clinical reentry, and the regenerated bone demon- 
strated evidence of nonresorbed bone graft parti- 
cles imbedded within it. Such a finding is a result 
of clinical mishandling of the Bio-Oss graft mate- 
rial. Bio-Oss graft material placed beneath a cov- 
ering membrane resorbs over time following the 
ingress of blood cells through its “trabeculae.” The 
graft is resorbed from all aspects, as the trabecu- 
lae are surrounded by blood cells. If the Bio-Oss 
graft is packed too tightly, the graft particles are 
crushed and the trabecular morphology is lost. As 
a result, the graft becomes more of an amorphous 
mass which may only be resorbed from the outside, 


Figure 2.112 Following flap reflection and membrane re- 
moval six months postregenerative therapy, significant 
bone regeneration is evident in the previous ridge defect 
area. Note the free floating Bio-Oss particles at the most 
crestal aspect of the regenerated ridge. 


Figure 2.113 A crestal view demonstrates regeneration of 
the buccal line angle of the damaged alveolar ridge. The 
morphology of the regenerated alveolar bone will support 
the covering soft tissues and help idealize the final esthetic 
treatment outcome. 
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rather than from outside and within the trabeculae. 
In such situations, graft resorption is significantly 
delayed and may take 18-24 months. 

Utilization of Bio-Oss grafts in over 3,000 
cases has resulted in less than 20 sites which 
demonstrated significant residual bone particles 8 
months postregenerative therapy. Each of these 
sites was reentered 14-20 months after initial graft 
placement. No residual graft particles were encoun- 
tered at that time. All of these sites occurred within 
a specific time frame of therapy, indicating operator 
error with regard to graft compression. 

Nonautogenous bone graft selection will be 
discussed in Chapter 6. Appropriate utilization 
of titanium-reinforced Gore-Tex membranes of- 
fers the opportunity to attain regenerative results 
which are unmatched by those possible through 
the use of particulate grafts and covering resorbable 
membranes, and result in significantly less postop- 
erative morbidity than the utilization of autogenous 
block grafts with covering membranes. 


TREATMENT PLANNING EXERCISE # 1 


A 49-year-old male presented with a highly at- 
rophic alveolar ridge in the area of tooth # 9 (Fig- 
ure 2.114). The tooth had been extracted 20 years 
previously and no regenerative therapy had been 
performed at the time of tooth removal. The avail- 
able treatment options included the following: 


e Placement of a narrow implant in the residual 
alveolar ridge. 


Figure 2.114 The patient presents with a severely atrophic 
alveolar ridge in the area of a missing central incisor. The 
region was treated utilizing Bio-Oss and a fixated titanium- 
reinforced covering membrane. 
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Placement of an implant of ideal width in the 
residual alveolar ridge with concomitant re- 
generative therapy. 

e Ridge augmentation utilizing particulate or 
block nonautogenous graft material and a re- 
sorbable covering membrane, followed by im- 
plant placement at a second-stage surgery. 
Placement of particulate or block nonauto- 
genous graft material beneath a titanium- 
reinforced membrane, followed by implant 
placement at a subsequent surgery. 

Ridge augmentation therapy utilizing an au- 
togenous block graft without a covering mem- 
brane, followed by implant placement at a sec- 
ond surgical visit. 

Ridge augmentation utilizing an autogenous 
block with a resorbable or nonresorbable cov- 
ering membrane, followed by implant place- 
ment at a second surgical visit. 


The advantages and disadvantages of each treat- 
ment approach are summarized in Table 2.4. 

A bovine bone matrix graft was placed be- 
neath a titanium-reinforced membrane which had 
been secured with two fixation tacks. Six months 
postoperative, passive soft tissue primary closure 
has been maintained (Figure 2.115). 

Flap reflection and membrane removal six 
months postoperative (Figure 2.116) demonstrates 
regeneration of an ideal alveolar ridge form. An 
implant with the desired dimensions may now be 
placed in an ideal prosthetic position. 


TREATMENT PLANNING EXERCISE # 2 


A 28-year-old female presented having lost her 
maxillary central incisor at age 16. She has been 
wearing a removable partial prosthesis since this 
time. Flap reflection (Figures 2.117 and 2.118) 
demonstrated a severely atrophic residual alveo- 
lar ridge. The buccopalatal dimension of the ridge 
was approximately 1-1.5 mm. 
Possible treatment approaches included: 


Placement of a connective tissue graft to help 
improve the soft tissue profile, followed by 
fabrication of either a three-unit Maryland 
splint, or a three-unit fixed prosthesis. 
Placement of a narrow implant in the residual 
alveolar ridge. 

Placement of an implant of desired width in 
the residual alveolar ridge, with concomitant 
regenerative therapy. 

Ridge augmentation utilizing particulate or 
block nonautogenous graft material and a re- 
sorbable covering membrane, followed by im- 
plant placement at a second-stage surgery. 
Placement of particulate or block nonauto- 
genous graft material beneath a titanium- 
reinforced membrane, followed by implant 
placement at a subsequent surgery. 

Ridge augmentation therapy utilizing an au- 
togenous block graft without a covering mem- 
brane, followed by implant placement at a sec- 
ond surgical visit. 

Ridge augmentation utilizing an autogenous 
block graft with a resorbable or nonresorbable 


Table 2.4 Treatment options for implant placement in an atrophic ridge (Treatment Planning Exercise # 1). 


Treatment modality 


Advantages 


Disadvantages 


Placement of a narrow implant in 
the residual alveolar ridge 


Placement of a wider implant in the 
residual alveolar ridge with 
concomitant augmentation therapy 


e Requires no concomitant 
regenerative therapy 


e Greater implant surface area is 
available for potential 
osseointegration 

e Implant neck width is better suited 
to accept the planned restoration 


e All therapy is performed in one visit 


e Significantly decreases available 
surface area for osseointegration as 
compared to a wider implant 

e Represents a potential esthetic 
compromise in therapy 


e The implant is placed in a nonideal, 
more palatal position 


e A ridge lap restoration may be 
required, representing an esthetic 
compromise 


Table 2.4 (Continued) 
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Treatment modality 


Advantages 


Disadvantages 


Ridge augmentation utilizing 
particulate or block nonautogenous 
graft material and a resorbable 
covering membrane or PRGF 
followed by implant placement at a 
second-stage surgery 


Placement of particulate or block 
nonautogenous graft material 
beneath a titanium-reinforced 
membrane, followed by implant 
placement at a subsequent surgery 


Ridge augmentation utilizing an 
autogenous block graft with no 
covering membrane 


Ridge augmentation utilizing an 
autogenous block graft with a 
resorbable or nonresorbable 
covering membrane or PRGF, 
followed by implant placement at a 
second surgical visit 


e Depending upon the extent of bone 
regeneration, the implant may be 
placed in a more ideal buccal 
palatal position 


e No need for membrane removal 


e Ridge augmentation will allow 
placement of the implant in a more 
ideal buccal palatal position 


e The precise extent of bone 
regeneration is predictable 

e The precise morphology of 
regenerated bone is predictable 

e No need for secondary procedures 
to help maximize esthetic outcomes 


e The potential to place the implant in 
a more ideal buccal palatal position 
following bone regeneration 

e No membrane removal is required 


e No membrane expenses entailed 


e The ability to place the implant in a 
more ideal buccal palatal position 
following regenerative therapy 


e The quantity of regenerated bone is 
predictable 


e The quality of regenerated bone is 
predictable 


e The extent of bone regeneration is 
unpredictable 


e The morphology of the regenerated 
bone is unpredictable 

e A secondary soft tissue procedure 
may be required to help idealize the 
esthetic outcome 


e The need to master appropriate soft 
tissue techniques to prevent 
premature membrane exposure 


e The need to remove the membrane 


e The need to procure graft material 
from a second surgical site 


e The precise quantity of regenerated 
bone is not predictable 

e The precise morphology of the 
regenerated bone is not predictable 

e May require a secondary soft tissue 
procedure to help maximize 
treatment outcomes 

e The need to procure the graft 
material from a second surgical site 


e The need to remove the membrane 
if a nonresorbable membrane is 
utilized 


PRGF, preparations rich in growth factor. 
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Figure 2.115 Six months following regenerative therapy, 
soft tissue passive primary closure has been maintained. 


covering membrane, followed by implant 
placement at a second surgical visit. 


The advantages and disadvantages of each treat- 
ment approach are summarized in Table 2.5. 

Bio-Oss was placed beneath a titanium- 
reinforced membrane which was secured with 
three fixation tacks. Soft tissue passive primary clo- 
sure was attained and maintained throughout the 
course of regeneration. 

Following flap reflection and membrane re- 
moval eight months postregenerative therapy, the 
ideal alveolar ridge form which has been attained is 
evident. An implant of the appropriate dimension 


Figure 2.116 Following flap reflection and membrane re- 
moval, the ideal contours of the regenerated alveolar ridge 
are evident. An implant of the desired dimensions may now 
be placed in a perfect, prosthetically driven position. 


Figure 2.117 Flap reflection demonstrates a highly defi- 
cient alveolar ridge in the area of the missing maxillary 
right central incisor. 


may now be placed in a prosthetically driven posi- 
tion. In addition, due to regeneration of the buccal 
line angle of the alveolar ridge, no soft tissue graft- 
ing will be necessary to help maximize the esthetic 
outcomes of therapy. 

It is well recognized that failure to regener- 
ate bone of sufficient dimension to withstand func- 
tional forces over time can lead to clinical disasters 
(Figure 2.119). 


Figure 2.118 A crestal view underscores the highly at- 
rophic nature of the residual alveolar ridge. The area was 
treated with Bio-Oss and a fixated titanium-reinforced cov- 
ering membrane. Passive soft tissue primary closure was 
maintained throughout the course of regeneration. 


Table 2.5 Treatment options for Treatment Planning Exercise # 2. 
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Treatment modality 


Advantages 


Disadvantages 


Placement of a connective tissue graft 
to help improve the soft tissue profile, 
followed by fabrication of either a 
three-unit Maryland splint, or a 
three-unit fixed prosthesis 


Placement of a narrow implant in the 
residual alveolar ridge 


Placement of a wider implant in the 
residual alveolar ridge with 
concomitant regenerative therapy 


Ridge augmentation utilizing 
particulate or block nonautogenous 
graft material and a resorbable 
covering membrane or PRGF, followed 
by implant placement at a 
second-stage surgery 


Placement of particulate or block 
nonautogenous graft material beneath 
a titanium-reinforced membrane, 
followed by implant placement at a 
subsequent surgery 


e No need to remove a membrane 
postoperatively 


e Requires no concomitant 
regenerative therapy 


e Greater implant surface area is 
available for potential 
osseointegration 

e The implant neck width is better 
suited to accept the planned 
restoration 

e All therapy is performed in one 
visit 


Depending upon the extent of 

bone regeneration, the implant 
may be placed in a more ideal 
buccal palatal position 


No need for membrane removal 


Ridge augmentation will allow 
placement of the implant in a 
more ideal bucco palatal position 


e The precise extent of bone 
regeneration is predictable 

e The precise morphology of 

regenerated bone is predictable 

No need for secondary 

procedures to help maximize 

esthetic outcomes 


e An implant is not placed 

e Adjacent teeth are involved in 
restorative dentistry 

e Patient expectations are not met 


e Significantly decreases available 
surface area for osseointegration 
as compared to a wider implant 

e Represents a potential esthetic 
compromise in therapy 


e Implant is placed in a nonideal, 
more palatal position 


e A ridge lap restoration may be 
required, representing an 
esthetic compromise 


e Extent of bone regeneration is 
unpredictable 


e Morphology of the regenerated 
bone is unpredictable 

e Secondary soft tissue procedure 
may be required to help idealize 
the esthetic outcome 


e Need to master appropriate soft 
tissue techniques to prevent 
premature membrane exposure 


e Need to remove the membrane 


(Continued) 
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Table 2.5 (Continued) 


Treatment modality Advantages 


Disadvantages 


Ridge augmentation utilizing an 
autogenous block graft with no covering 
membrane 


e No membrane expenses entailed 


Ridge augmentation utilizing an 
autogenous block graft with a resorbable 
or nonresorbable covering membrane or 
PRGF, followed by implant placement at 
a second surgical visit 


e The quantity of regenerated bone is 


predictable 


e The potential to place the implant in 
a more ideal buccopalatal position 
following bone regeneration 

e No membrane removal is required 


e The ability to place the implant in a 
more ideal bucco palatal position 
following regenerative therapy 


e The need to procure graft material 
from a second surgical site 


e The precise quantity of regenerated 
bone is not predictable 

e The precise morphology of the 
regenerated bone is not predictable 

e May require a secondary soft tissue 
procedure to help maximize 
treatment outcomes 


e The need to procure the graft 
material from a second surgical site 


e The need to remove the membrane 
if a nonresorbable membrane is 
utilized 


e The quality of regenerated bone is 


predictable 


PRGF, preparations rich in growth factor. 


However, regeneration of bone to cover an 
exposed implant surface, or regeneration of cover- 
ing bone of sufficient thickness to withstand func- 
tion forces over time are no longer adequate defi- 
nitions of success following guided bone regener- 


Figure 2.119 Following flap reflection and membrane re- 
moval eight months postregenerative therapy, extensive 
bone regeneration is evident. 


ation therapy. In the esthetic zone, any definition 
of success must include regeneration or prepatho- 
logic alveolar ridge morphology, to ideally support 
the covering soft tissues and help maximize treat- 
ment outcomes. Such a definition represents the 
third-generation definition of success of guided 
bone regeneration therapy. 


TREATMENT PLANNING EXERCISE # 3 


A 67-year-old female presented having lost her 
maxillary left posterior teeth approximately 20 
years previously. She has been wearing a remov- 
able partial prosthesis to replace these teeth for 
over 20 years. At the time of flap reflection, sig- 
nificant ridge atrophy was noted, as the ridge pro- 
gressed apically (Figure 2.120). Two, 8-mm-long 
Straumann implants were placed in the ideal pros- 
thetic positions (Figure 2.121). The most anterior 
Straumann implant demonstrated fenestration of 
its apical aspect. While it would have been possi- 
ble to place this implant at approximately a 30-35° 
angle and lessen or eliminate this fenestration, such 


Figure 2.120 A crestal view demonstrates regeneration of 
an ideal alveolar ridge form including a perfectly shaped 
alveolar crest and buccal line angle. No soft tissue proce- 
dures will be required to help maximize esthetic treatment 
outcomes. 


a treatment approach was never considered due to 
its inherent prosthetic compromises. 

It must now be determined whether or not 
regenerative therapy should be performed over the 
fenestrated portion of the implant. While no data 
exist which document success and failure rates in 


Figure 2.121 Two implants have been placed in a compro- 
mised maxillary alveolar ridge. Note the significant apical 
fenestration of the most anterior implant, extending around 
the “apex” of the fixture. 
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such situations when these fenestrations are not 
covered by regenerated bone as compared to when 
they are covered by regenerated bone, it would 
seem most prudent to maximize the bone support 
around the implants, so as to help improve their 
long-term prognoses. 

Treatment options for regeneration of the 
bone around the apical third of the implant, in- 
cluding its “apex”, are as follows: 


Placement of a shorter implant in the residual 
alveolar ridge without concomitant regenera- 
tive therapy. 

Augmentation around the exposed implant 
surface utilizing particulate or block nonau- 
togenous graft material and a resorbable cov- 
ering membrane. 

Placement of particulate or block nonautoge- 
nous graft material around the exposed im- 
plant surface beneath a titanium-reinforced 
membrane. 

Augmentation therapy utilizing an autoge- 
nous block graft without a covering membrane 
around the exposed implant surface. 
Augmentation utilizing an autogenous block 
graft with a resorbable or nonresorbable cov- 
ering membrane around the exposed implant 
surface. 

Placement of autogenous or nonautogenous 
particulate graft material around the exposed 
implant surface without use of a membrane. 


The advantages and disadvantages of each treat- 
ment approach are summarized in Table 2.6. 

A titanium-reinforced Gore-Tex membrane 
was trimmed, inserted, and secured with three api- 
cal fixation tacks. Following placement of a Bio- 
Oss graft beneath the membrane, an additional tack 
was placed at the most crestal extent of the mem- 
brane, to ensure its immobility. The graft material 
had been placed beneath the membrane in such 
a manner so as to cover the previously exposed 
implant surface, and extend approximately 3 mm 
apical to the apex of the implant. Note the mor- 
phology of the covering membrane (Figure 2.122). 

Following flap reflection and membrane 
removal six months postregenerative therapy, 
extensive bone regeneration was evident. The 
morphology of the regenerated bone mim- 
icked the space created beneath the covering 
titanium-reinforced membrane. The implant body 
was wholly ensconced in thick alveolar bone 
(Figure 2.123). 
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Table 2.6 Treatment options for Treatment Planning Exercise # 3. 


Treatment modality 


Advantages 


Disadvantages 


Placement of a shorter implant in the 


residual alveolar ridge without 
concomitant regenerative therapy 


Augmentation around the exposed 


implant surface utilizing particulate or 


block nonautogenous graft material 


and a resorbable covering membrane, 


or PRGF 


Ridge augmentation utilizing 
particulate or block nonautogenous 


graft material and a titanium-reinforced 


covering membrane 


Placement of particulate or block 


autogenous graft material around the 


exposed implant surface without a 
covering membrane 


Ridge augmentation utilizing and 
autogenous block graft around the 
exposed implant surface with a 


resorbable or nonresorbable covering 


membrane, or PRGF 


Placement of autogenous or 
nonautogenous particulate graft 


material around the exposed implant 


surface without use of a membrane 


e No need for regenerative therapy 


e No need to procure graft material 
from a second surgical site 


e No need to perform membrane 
removal at a later date 


e Predictability of quantity of 
regenerated bone 


e Predictability of morphology of 
regenerated bone 

e No need to procure graft material 
from a second surgical site 


e No need for membrane removal 


e No additional cost of membrane 
use 


e Predictability of quantity of 
regenerated bone 


e Predictability of the morphology 
of the regenerated bone 


e No need for membrane removal 


e No cost to membrane use 


e Limitation in available implant 
designs of a 5-mm length 


e Lesser amount of implant 
surface available for potential 
osseointegration 


e Unpredictability of the quantity of 
regenerated bone 


e Tendency of the resorbable 
membrane to collapse under 
pressure during healing, 
lessening the amount of 
regenerated bone 


e Need to remove the membrane 
at a second stage 


e Unpredictability of regenerated 
bone quantity 


e Unpredictability of regenerated 
bone morphology 

e Need to procure the graft from a 
second surgical site 

e Need to procure graft material 
from a second surgical site 


e Need for membrane removal for 
nonresorbable membranes 
utilized 

e Highest degree of 
unpredictability of regenerated 
bone quantity and morphology 


PRGF, preparations rich in growth factor. 


Figure 2.122 A titanium-reinforced Gore-Tex membrane 
has been placed over a Bio-Oss graft, and secured with 
four fixation tacks. Note the morphology of the membrane. 


Ridge Augmentation Therapy 

Numerous authors have demonstrated high levels 
of success following ridge augmentation through 
guided bone procedures, utilizing a variety of 
autogenous and nonautogenous materials. While 


Figure 2.123 Following flap reflection and membrane re- 
moval six months postregenerative therapy, alveolar bone 
regeneration is noted which precisely mimics the morphol- 
ogy of the space created beneath the covering membrane. 
The “apex” of the implant is ensconced in thick alveolar 
bone. 
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Table 2.7 Success and failure rates of ridge 
augmentation therapy. 


Type of therapy Partial 

performed Success success Failure Total 

Buccolingual ridge 246 32 11 289 
augmentation 

Apico-occlusal ridge 9 3 1 13 
augmentation 


claims are still made that autogenous bone 
represents the “gold standard” in guided bone 
regeneration therapy, the success and failure 
rates quoted following ridge augmentation uti- 
lizing autogenous or nonautogenous materials 
are comparable. A report of 302 consecutive 
ridge augmentation procedures which eventually 
accepted 574 implants, utilizing various allografts 
and xenografts beneath covering resorbable, non- 
resorbable, and nonresorbable titanium-reinforced 
membranes, reported an overall success rate of 
96.0% (Table 2.7). The definitions of success 
utilized in the cited paper were as follows. If 
implants of 4 mm or greater diameter could be 
placed in the augmented ridges without generation 
of fenestrations or dehiscences, the augmentation 
procedures were deemed successes. If placement 
of 4 mm or wider diameter implants resulted in 
any implant fenestrations or dehiscences, the treat- 
ment outcome was classified as a partial success, 
even if the areas were regrafted, and the implants 
were restored and functioning successfully by 
the Albrektsson criteria. Any buccolingual ridge 
augmentation procedure that required placement 
of an implant of a lesser diameter than 4.0 
mm was deemed a failure, despite the fact that 
narrower implants were placed and successfully 
restored. 

Apicocrestal ridge augmentation procedures 
were considered successful if a 10-mm implant 
could be placed which was wholly ensconced in 
bone following augmentation therapy. If up to 2 
mm of the 10 mm or longer implant was exposed 
crestally following insertion, the apicocrestal ridge 
augmentation was deemed a partial success. The 
one failure in this group represented an early case 
in which primary closure was lost, and the regen- 
erative procedure failed. 
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Crestal Augmentation 

Crestal augmentation of up to 3 mm of lost hard 
tissues is predictably attainable through the uti- 
lization of the described materials and approaches. 
If simultaneous implant placement is to be car- 
ried out, the implant is placed so that 3 mm of 
the implant body is crestal to the residual ridge 
crest. Graft materials are packed around the im- 
plant, and the implant helps to further support 
the covering titanium-reinforced, secured mem- 
brane. Should greater than 3 mm of crestal aug- 
mentation be desired, augmentation of 3 mm of 
crestal bone is first accomplished utilizing fixated 
titanium-reinforced membranes. Implants are then 
placed after completion of regeneration, with their 
necks once again extruding 3 mm from the regen- 
erated ridge crest. These implants help to support 
the covering reinforced membrane, as already de- 
scribed. The net result of this two-stage procedure 
is up to 6 mm of regenerated crestal bone. 

While these definitions of success are not as 
stringent as the second- and third-generation def- 
initions of success for guided bone regeneration 
therapy, the definitions utilized in the publication 
exceeded the standards employed at that time. 

Despite the acceptable success rate of the per- 
formed therapy, various limitations at the time of 
treatment prevented an even higher success rate 
from being attained. These limitations included: 


e The relatively primitive state of guided bone 
regenerative therapy at the time that the earli- 
est cases were treated. The publication under 
discussion documented all cases treated up to 
that time in a single private practice, includ- 
ing the first efforts at guided bone regener- 
ation therapy. As a result, an appropriate un- 
derstanding of flap designs and other technical 
considerations had not yet fully evolved. 
Limitations in available membrane configu- 
rations: A number of the augmentation pro- 
cedures reported upon were performed prior 
to the advent of titanium-reinforced Gore-Tex 
membranes. Various screws were utilized in 
attempts to support the membranes, thus pro- 
viding space for the ingress of regenerative 
cells, and maximization of the volume of re- 
generated bone. 

e No membrane fixation systems were readily 
available at the time of treatment of the earli- 
est cases: As previously discussed, membrane 
fixation is crucial to the maximization of treat- 


ment outcomes following guided bone regen- 
eration therapy. Failure to attain such stabi- 
lization will predictably lead to a diminution 
in the quantity of regenerated bone. 


Clinical Example Ten 


A 21-year-old patient, who presented in 1988 fol- 
lowing trauma in which she had avulsed her 
mandibular incisors and a significant portion of the 
buccal aspect of the alveolar ridge (Figure 2.124), 
underscores these limitations. Following flap re- 
flection utilizing relatively primitive incision de- 
signs, the residual buccal alveolar plate was tapped 
and first-stage implant healing screws were in- 
serted in an attempt to provide support for the 
covering membrane. A mixture of resorbable tri- 
calcium phosphate (Augmen) and demineralized 
freeze-dried bone allograft were placed and cov- 
ered with a nonresorbable, nonreinforced Gore- 
Tex membrane. Soft tissue primary closure was 
attained and maintained throughout the course of 
regeneration. Flap reflection five and a half months 
postregenerative therapy (Figure 2.125) demon- 
strated significant enhancement of the residual 


Figure 2.124 The residual alveolar crest has been tapped 
and first-stage surgical sealing screws have been inserted 
to help afford membrane support during regeneration. The 
area was treated with resorbable tri-calcium phosphate and 
a nonreinforced Gore-Tex membrane. Passive primary clo- 
sure was maintained throughout the course of regeneration. 


Figure 2.125 Six months postregenerative therapy, exten- 
sive ridge augmentation is noted. However, an ideal ridge 
form has not been regenerated. 


alveolar ridge. However, the ridge form was far 
from ideal, and was less abundant than would be 
deemed acceptable today. Three titanium plasma- 
sprayed IMZ implants were inserted and restored 
(Figure 2.126). Due to the limited crestal bone 
regeneration which had occurred, the implants 
were placed in a position which resulted in ap- 
proximately a 7-mm pocket between the implants 
and the adjacent teeth. Seventeen years postoper- 


Figure 2.126 Three titanium plasma-sprayed IMZ implants 
have been placed in the regenerated bone. Note the height 
discrepancy between the implants and the cementoenamel 
junctions of the adjacent teeth. 
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atively, the implants continue to function success- 
fully with no evidence of peri-implant bone loss. 
As already discussed, the goals of guided bone re- 
generation therapy in such an area today are not 
simply the ability to place implants. Rather, the 
prepathologic ridge morphology must be regener- 
ated, including significant crestal regeneration, al- 
lowing ideal implant placement and ease of main- 
tenance for the patient. 

When crestal augmentation therapy was car- 
ried out in the mid- to late-1980s prior to the advent 
of titanium-reinforced Gore-Tex membranes, sup- 
port screws were placed to help effect such regener- 
ation. A 61-year-old female patient presented with 
a failed mandibular second bicuspid, which was 
the terminal abutment for a three-unit fixed splint. 
Following sectioning of the splint, removal of the 
second bicuspid and the pontic in the first molar 
position, flap reflection and defect debridement, 
a significant alveolar ridge defect was evident. A 
screw was inserted into the ridge that protruded 
crestally, in an effort to attain membrane support 
at the ideal position (Figure 2.127). At flap reentry 
and membrane removal six months postregenera- 
tive therapy, significant crestal ridge augmentation 
was evident (Figure 2.128). Implants may now be 
placed in ideal positions in the second bicuspid and 
first molar areas. 

The use of screws to support nonreinforced 
membranes represents a compromise in treatment 


Figure 2.127 A titanium support screw has been placed 
in an alveolar ridge defect in an attempt to prevent col- 
lapse of the covering membrane. The area was treated 
with resorbable tri-calcium phosphate and a nonreinforced 
Gore-Tex membrane. 
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Figure 2.128 Following flap reflection and membrane re- 
moval six months postregenerative therapy, extensive buc- 
cal lingual and crestal bone regeneration are evident. Im- 
plants may now be placed in prosthetically driven positions. 


outcomes following guided bone regeneration ther- 
apy. While these screws will provide support at 
their point of contact with the membrane, the ex- 
tent of support afforded lessens as the distance 
from the support screw increases. Figure 2.129 
demonstrates a severely damaged alveolar ridge 
following removal of two hopeless maxillary ante- 
rior teeth and debridement of the periodontal and 
periapical lesions which were present. Following 
insertion of a support screw in the buccal aspect 
of the residual alveolar ridge (Figure 2.130), re- 
sorbable tri-calcium phosphate and demineralized 


Figure 2.129 A severe alveolar ridge defect is noted fol- 
lowing tooth removal and defect debridement. 


Figure 2.130 A support screw has been placed in an effort 
to prevent membrane collapse during regeneration. The 
area was treated with demineralized freeze-dried bone al- 
lograft and a covering nonreinforced Gore-Tex membrane. 


freeze-dried bone allograft were placed. A nonre- 
inforced Gore-Tex membrane was employed over 
the graft material, and passive soft tissue primary 
closure was attained and maintained throughout 
the course of healing. At flap reflection and mem- 
brane removal six months postoperatively, bone 
augmentation was evident. However, note the de- 
creased buccopalatal width of the regenerated bone 
at sites more distant from the position of the sup- 
port screw, when compared to the ridge width at 
the support screw’s location (Figure 2.131). 

When non-space-maintaining defects are 
treated, the clinician cannot depend on the un- 
derlying graft materials to predictably maintain 
space beneath the membrane and ensure the 
morphology of the regenerated bone, regardless 
of the configurations or consistencies of the 
graft materials employed. Some proponents of 
mineralized or demineralized bone blocks or bone 
substitutes contend that the “firmness” of the graft 
materials obviates the need for placement of a 
nonresorbable titanium-reinforced covering mem- 
brane. Despite these claims, no publications to 
date have demonstrated the ability to predictably 
rebuild prepathologic ridge morphologies when 
treating non-space-maintaining defects in such 
a manner. Only the appropriate utilization of 
titanium-reinforced membranes over graft materi- 
als, in the presence of proper flap management to 
ensure maintenance of soft tissue primary closure, 
will predictably yield such treatment outcomes. 


Figure 2.131 Following flap reflection and membrane re- 
moval six months postregenerative therapy, bone regener- 
ation is evident. However, note the decrease in the bucco- 
palatal width of the regenerated bone at sites more distant 
from the support screw. 


Clinical Example Eleven 


Figures 2.132 and 2.133 demonstrate a severely 
damaged alveolar ridge following removal of 
two fractured maxillary central incisors and 
debridement of the periodontal and periapical 
lesions which were present. The defect was 
treated through the use of a demineralized bone 


Figure 2.132 A severe alveolar ridge defect is evident fol- 
lowing tooth removal and defect debridement. 
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Figure 2.133 A crestal view demonstrates the extent of the 
damage which has occurred to the alveolar ridge. The area 
is treated with a Regenaform bone matrix block impreg- 
nated with cortical chips and a secured resorbable mem- 
brane. 


matrix putty impregnated with cortical chips 
(Regenaform) and a covering Resolut membrane 
secured with fixation tacks, in the hope that the 
combination of the relative firmness of the graft 
material and the relative stiffness of the Resolut 
membrane would maintain the space created at the 
time of treatment. However, while the six-month 
surgical reentry demonstrates extensive ridge 
regeneration, the previous buccal line angle of the 
alveolar ridge has not been rebuilt (Figure 2.134). 


Figure 2.134 Flap reflection six months postregenerative 
therapy demonstrates significant alveolar bone regenera- 
tion. However, prepathologic alveolar ridge morphologies 
have not been reattained. Soft tissue grafting will have to 
be performed to help idealize esthetic treatment outcomes. 
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As a result, a soft tissue augmentation procedure 
will have to be performed at the time of implant 
placement to help maximize the esthetic outcomes 
of therapy. Such a treatment outcome should not 
be deemed a success. 


TREATMENT PLANNING EXERCISE # 4 


A 48-year-old female presented with a severely at- 
rophic mandibular posterior alveolar ridge. The 
teeth in this area had been missing for ap- 
proximately 35 years. Following flap reflection, 
the atrophic nature of the ridge was evident 
(Figure 2.135). Treatment options to effect regen- 
eration included the following: 


e Procurement of an autogenous bone block 
and its placement beneath the mucoperiosteal 
flaps without utilization of a covering mem- 
brane. 

Procurement of an autogenous bone block 
and its placement beneath the mucoperiosteal 
flaps with utilization of a covering membrane. 
Placement of a nonautogenous particulate or 
block graft beneath a covering resorbable 
membrane. 

Placement of a nonautogenous particulate 
or block graft beneath a covering titanium- 
reinforced membrane. 


The advantages and disadvantages of each ap- 
proach have been previously discussed. Failure to 
place a covering membrane over an autogenous 


Figure 2.135 Flap reflection reveals a severely atrophic 
alveolar ridge. Implants may not be placed in an ideal po- 
sition. 


block graft will lead to unpredictable resorption of 
up to 25-30% of the graft during healing and re- 
modeling. Such remodeling of the block graft is 
avoidable if a covering, fixated membrane is uti- 
lized. The disadvantage of this approach is the need 
to procure the graft from a second surgical site, thus 
increasing the length of the procedure and postop- 
erative morbidity. 

Employment of nonautogenous graft materi- 
als beneath a resorbable membrane will lead to an 
unpredictable regenerative result. Although there 
is no doubt that, if soft tissue primary closure is 
maintained throughout the course of regeneration, 
ridge augmentation will be effected, the precise 
quantity and morphology of the regenerated bone 
cannot be ascertained until the time of surgical 
reentry. As discussed, there is no literature to 
support the contention that the morphology 
created through the use of graft material of choice 
and a covering resorbable membrane at the time of 
surgery will be maintained throughout the course 
of regeneration. Rather, literature demonstrates 
precisely the opposite results upon reentry. 

Utilization of nonautogenous graft material 
beneath a fixated titanium-reinforced membrane 
offers significant advantages over the other treat- 
ment approaches. If passive soft tissue primary 
closure is maintained throughout the course of 
regeneration, the quantity and morphology of 
regenerated bone will be that created at the time 
of the surgery through the shaping, positioning, 
and fixating of the titanium-reinforced membrane 
over the graft materials. In addition, the procedure 
is less lengthy, and the postoperative morbidity 
less severe, than if a membrane is utilized over an 
autogenous graft which must be procured from a 
second surgical site. 

Unfortunately, the description of the treat- 
ment options, which is carried out above, mimics 
the manner in which conversations seem to 
proceed during clinicians’ discussion of treatment 
options when faced with such defects. All too 
often, the focus is immediately placed upon the 
type of graft material and membrane to be utilized, 
without first discussing appropriate incision and 
flap designs. 

The case presented above was treated utiliz- 
ing the following flap designs: 


e A crestal incision was placed within 1.5 mm 
of the teeth adjacent to the defect, bisecting 
the papillae. 


Four releasing incisions were placed on the 
mesiobuccal, distobuccal, mesiolingual, and 
distolingual corners of the crestal incision: 
When faced with ridge atrophy, clinicians are 
often hesitant to place lingual releasing inci- 
sions for fear of compromising vital structures. 
Such a concern is easily overcome as follows: 
The lingual vertical releasing incision extends 
2 mm beyond the mucogingival junction. Ex- 
cept in the cases of the most severe ridge at- 
rophy, which may very well not be candidates 
for this type of regenerative therapy and im- 
plant placement, no vital structures will be en- 
countered at this point. The corner of the flap 
is engaged with a tissue forcep, blunt dissec- 
tion is carried out, and the lingual releasing 
incision is extended through sharp dissection 
as the clinician visualizes the area from the in- 
ternal aspect of the flap, ensuring that no vital 
structures are compromised. 

Horizontal releasing incisions were placed 
at the most apical extents of the buccal verti- 
cal releasing incisions: These horizontal exten- 
sions are crucial to the attainment of passive 
soft tissue primary closure following place- 
ment of regenerative materials. Concern is of- 
ten voiced regarding placement of either a ver- 
tical releasing incision or its horizontal exten- 
sion in the area of the mental foramen. If the 
clinician feels that the mental foramen may be 
in the area of planned incision design and flap 
reflection, he or she should proceed as follows. 
The buccal vertical releasing incision extends 
approximately 2 mm beyond the mucogingi- 
val junction. A tissue forcep is used to reflect 
the flap which has been created, and a blunt 
dissection is carried out with a periosteal ele- 
vator, until the entrance to the mental foramen 
is visualized. This area can now be isolated, 
and both the vertical releasing incision and its 
horizontal extension may be angled appropri- 
ately to avoid any vital structures in this area. 
Full thickness flap reflection was carried out 
buccally and lingually. Periosteal fenestrations 
were not utilized. 

The degree of buccal and lingual flap mo- 
bility which had been attained was tested. 
Using a tissue forcep, both the buccal and lin- 
gual flaps should be able to be lifted to the 
levels of the marginal ridges of the adjacent 
teeth. If they cannot be so displaced, the hor- 
izontal releasing incisions and full thickness 
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reflections must be continued until adequate 
flap mobility is attained. 


Following appropriate flap design and reflec- 
tion, the ridge was decorticated utilizing a piezo 
surgery tip under copious irrigation. A titanium- 
reinforced membrane was trimmed and secured 
with fixation tacks. The membrane was trimmed 
in a specific manner to include the following 
characteristics: 


The apical extent of the membrane demon- 
strated two wings mesially and distally. These 
“wings” allowed the membrane to be secured 
with fixation tacks lateral to the planned site 
of augmentation therapy. If a membrane is 
secured with fixation tacks apical to the site 
of planned augmentation, the result is often 
diminution of the space available beneath the 
membrane for placement of regenerative ma- 
terials, and hence for attainment of regener- 
ated bone. 

The membrane was shaped to avoid the men- 
tal foramen and any other vital structures of 
concern. 

The rest of the membrane extended beyond 
the mesial, distal, and lingual aspects of the 
defect by only 1-2 mm. Because the mem- 
brane was secured with fixation tacks, and 
the soft tissue flaps will be successfully closed 
and soft tissue primary closure will be main- 
tained throughout the course of regeneration, 
there is no need to extend the membrane fur- 
ther beyond the defect peripheries. Such ex- 
tension may impinge upon adjacent teeth or 
vital structures. In addition, there is no reason 
to ask the soft tissue flaps to tolerate the pres- 
ence of a greater amount of foreign material 
than is necessary 

The position of the membrane relative to the 
releasing incisions is of no concern. Once 
again, because the membrane is secured with 
fixation tacks, and the flaps will be closed in 
a passive manner so as to maintain soft tissue 
primary closure throughout the course of re- 
generation, placement of a membrane margin 
within a millimeter of a releasing incision does 
not represent a compromise. 


Following flap reflection and membrane removal 
six months postregenerative therapy, both the ex- 
tent of the ridge augmentation procedure and the 
ideal shape of the regenerated bone were evident 
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Figure 2.136 Six months after treatment with Bio-Oss and 
a secured titanium-reinforced Gore-Tex membrane, regen- 
eration of prepathologic ridge morphology is evident. Im- 
plants may now be placed in prosthetically driven positions. 


(Figure 2.136). Implants of sufficient diameters to 
withstand functional forces over time may now be 
placed in ideal positions, without the need for ad- 
ditional regenerative treatments. 

The appropriate utilization of the above con- 
cepts and techniques affords the opportunity to 
treat a variety of cases previously considered too 
advanced for such an approach. For example, a 
patient presented with clinical and radiographic ev- 
idence of severe maxillary and mandibular ridge at- 
rophy following 40 plus years of denture use (Fig- 
ure 2.137). The premaxillary bone had resorbed 
to the level of the nasal spine. Such a scenario 


Figure 2.137 A patient who has been edentulous for over 
30 years presents with severe maxillary atrophy. Sinus aug- 
mentation therapy cannot be performed due to history of 
chronic sinusitis. 


Figure 2.138 Nine months after treatment with Bio-Oss 
and multiple secured titanium-reinforced Gore-Tex mem- 
branes, extensive bone regeneration in the premaxillary 
area is evident radiographically. 


is often treated through the use of an iliac crest 
graft, due to its extent and severity. However, the 
patient refused such therapy. Sinus augmentation 
therapy could not be carried out due to a sig- 
nificant history of chronic sinusitis. Bio-Oss was 
placed beneath three covering, titanium-reinforced 
Gore-Tex membranes which were secured with fix- 
ation tacks. Nine months postoperatively, signifi- 
cant ridge regeneration was evident radiographi- 
cally (Figure 2.138). While awaiting regeneration 
in the premaxillary area, four titanium plasma- 
sprayed IMZ implants were placed in the mandibu- 
lar anterior region. These implants will eventually 
support an over denture appliance. 

Six titanium plasma-sprayed IMZ implants 
were placed in the regenerated maxillary bone (Fig- 
ure 2.139). These implants were restored with a 
milled bar palateless removable prosthesis. The 
prosthesis has been functioning successfully for 17 
years with no evidence of peri-implant bone loss. 


The Stability of Regenerated Bone 

While dramatic regenerative results may be at- 
tained without the use of autogenous bone grafts, 
such bone regrowth is meaningless unless implants 
placed in the regenerated bone demonstrate suc- 
cess rates under function comparable to those of 
implants placed in native host bone. The first pa- 
per published on this topic documented the suc- 
cess and failure rates of 626 implants either placed 
in regenerated alveolar ridges, inserted in extrac- 
tion sockets at the time of tooth removal, or treated 


Figure 2.139 Eight titanium plasma-sprayed IMZ implants 
have been placed in the regenerated maxillary bone. 


with guided bone regeneration to rebuild bone over 
implant fenestrations and/or dehiscences (20). 
The reported cumulative success rate was 93.8%. 
The definition of success for this paper was not the 
Albrektsson et al.’s criteria alone. The widely ac- 
cepted success criteria of Albrektsson et al. do not 
address the stability of regenerated bone on the 
buccal and/or lingual/palatal aspects of implants, 
as such bone levels are not assessable radiograph- 
ically. As a result, the paper expressed success in 
terms of both the aforementioned criteria and bone 
sounding at the sites of regeneration. Each implant 
was bone sounded under anesthesia at the site(s) 
where regenerative therapy had been carried out, 
to document the level of the regenerated bone. Sub- 
sequent publications have confirmed the high suc- 
cess rates of implants functioning in regenerated 
bone which were reported in this paper. 

An additional paper published in 2005 docu- 
mented the success and failure rates of 1,233 im- 
plants in regenerated bone after 78-123 months in 
function (21). These implants included those re- 
ported upon in the previous publication, and fol- 
lowed for a greater length of time, and implants 
placed since the previous publication. Utilizing the 
success criteria previously described, an overall cu- 
mulative success rate of 97.3% was reported. Cu- 
mulative success rates of 97.2% and 97.4% were 
reported in the maxilla and mandible, respectively. 

Of note is a comparison between the more re- 
cently placed implants reported upon in the study, 
which had been in function for up to six years, 
and the implants which were followed for a longer 
period of time and had been reported upon in the 
previous study. The implants reported upon in the 
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previous study, and followed for a longer time in 
the second study, included the first implants placed 
in regenerated bone. As a result, three potential 
compromises were present at the time of implant 
insertion. First, the quantity of regenerated bone 
was less than it would have been if the areas had 
been treated with materials that later became avail- 
able (i.e., titanium-reinforced membranes, fixation 
tacks, etc.). Second, many of the initial implants 
were placed at an earlier time in the evolution of 
understanding of the capabilities of the implants 
to support force loads in various situations. There 
is no doubt that the “engineering” of implant re- 
constructive cases has evolved significantly since 
the 1980s. Finally, the implants which were avail- 
able for use in the 1980s represented a compromise 
when compared to their current counterparts. Im- 
plant morphology, implant diameter, implant abut- 
ment design, and implant surfaces have all pro- 
gressed dramatically over the past two decades, 
yielding significantly higher success rates in both 
host and regenerated bone. 

Despite these compromises, the success rates 
reported upon for implants in regenerated bone 
easily matched those for implants functioning in 
native host bone. 


Maintenance of Regenerated Bone 
Without Implant Placement 

The literature does not demonstrate consistent ev- 
idence of the loss of residual alveolar bone be- 
neath a well-fitting fixed prosthesis longer than 
one year after tooth removal. Rather, clinical ob- 
servation would indicate the reverse. If no forces 
are placed upon this alveolar bone, it does not 
continue to atrophy beneath well-fitting fixed 
prostheses. The question is whether regenerated 
bone demonstrates the same stability in a similar 
situation. 


Clinical Example Twelve 


A 51-year-old male presented with a hopeless prog- 
nosis for his central incisor, which was part of a 
three-unit fixed splint. Flap reflection revealed a 
severe osseous defect around the root of this tooth, 
which had adversely effected the mesial aspect of 
the adjacent lateral incisor (Figure 2.140). 
Following removal of the root from beneath 
the fixed splint and debridement of the defect, 
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Figure 2.140 A patient presents with a hopeless prognosis 
for a maxillary central incisor, and significant osseous loss 
on the mesial aspect of the adjacent lateral incisor. 


Bio-Oss was placed, and a titanium-reinforced 
membrane was secured over the graft material 
(Figure 2.141). The rotation of a palatal pedi- 
cle flap, and its placement beneath the created 
pontic of the three-unit fixed splint, afforded the 
opportunity to attain and maintain passive soft 
tissue primary closure throughout the course of 
regeneration. 

Following flap reflection and membrane re- 
moval six months postregenerative therapy (Fig- 
ure 2.142), significant ridge regeneration was ev- 
ident beneath the created pontic. Bone had also 
been regenerated on the mesial aspect of the adja- 
cent lateral incisor. 

Sixteen years posttherapy, no recession on 
ridge atrophy has occurred in the area of regenera- 
tion (Figure 2.143). Does this bone maintain itself 
over time? 

In an attempt to answer this question, 43 
cases of ridge augmentation were assessed. Fol- 
lowing ridge augmentation therapy (Figure 2.144), 
and fixed prosthesis reconstruction, measurements 
were taken as follows. Impressions of the fi- 
nal fixed prostheses were made, and vacuform 
stents were fabricated over the areas of the pros- 
theses. Buccal and palatal holes were made in 
the stents and calipers were utilized to mea- 
sure the buccopalatal width of the regenerated 


Figure 2.141 Following root removal from beneath the 
three-unit fixed splint, the area is treated with Bio-Oss and 
a secured, titanium-reinforced Gore-Tex membrane. A ro- 
tated palatal pedicle flap is utilized to attain and maintain 
soft tissue primary closure throughout regeneration. 


Figure 2.142 Flap reflection and membrane removal six 
months posttherapy demonstrates significant regeneration 
of the damaged alveolar bone. This bone should remain 
stable beneath the fixed prosthesis, as no pressure is being 
placed upon it. 


Figure 2.143 Sixteen years after regenerative therapy was 
performed at the time of tooth extraction, the stability of the 
soft tissues in the area, and the underlining bone, is noted. 


alveolar bone, under anesthesia, immediately fol- 
lowing prosthesis insertion. 

A mean time of 28.6 months after the initial 
measurements were taken, the stents were rein- 
serted and the same calipers were utilized to mea- 
sure the buccopalatal dimension of the regenerated 
ridge in the pontic area, under anesthesia. An av- 
erage change in the buccolingual dimension of the 
regenerated alveolar ridge of less than 0.1 mm was 
noted. Therefore, it may be stated that regener- 
ated alveolar bone beneath pontics is stable for 
at least 28.6 months postrestoration. There would 


Figure 2.144 A patient presents with the need for both 
preprosthetic periodontal surgery and ridge augmentation 
in the pontic area to help idealize the final esthetic treatment 
outcomes. 
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Figure 2.145 Six months following reconstructive therapy, 
extensive bone regeneration is evident. As this regenerated 
bone will be beneath a fixed prosthesis and free of overlying 
pressures, it should remain stable over time. 


be no reason to expect this bone to subsequently 
resorb, as it had been stable for over two years 
(Figure 2.145). 


THE QUESTION OF AUTOGENOUS 
BONE 


Autogenous bone has long been referred to as the 
“gold standard” of regenerative graft materials. It 
has been cited as such due to both its ability to ef- 
fect regeneration, and the rapidity of such regener- 
ation. Numerous reports document the placement 
of implants in autogenous bone block grafts 4-5 
months post-regenerative therapy, as compared to 
the 6-9 months often reported when various allo- 
grafts or xenografts have been employed. 

There is no doubt that autogenous bone offers 
significant advantages when compared to nonauto- 
genous alternatives, if regenerative therapy is per- 
formed in the absence of covering membranes. The 
failure of other graft materials to demonstrate pre- 
dictable and acceptable regenerative results when 
placed without covering membranes must lead one 
to conclude that their utilization in such situations 
represents a significant compromise to treatment 
outcomes, and thus to the patient. 

However, when utilized in conjunction with 
appropriately employed membrane therapy, does 
autogenous bone offer significant advantages over 
its allograft or xenograft counterparts? 

Assuming appropriate incision designs and 
flap reflections to ensure attainment and 
maintenance of the soft tissue primary closure; 
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complete defect debridement; decortication when 
necessary; selection of a reinforced or nonrein- 
forced membrane as dictated by defect morphol- 
ogy; fixation of the membrane; passive suturing 
to attain soft tissue primary closure; maintenance 
of soft tissue closure; and control of overlying 
forces; what advantages does autogenous bone af- 
ford the clinician and ultimately the patient? An 
in-depth analysis of available literature, coupled 
with clinical expertise, leads to the indisputable fact 
that the only advantage autogenous bone offers in 
such a situation, when compared to predictably re- 
sorbable allografts and xenografts, is that of speed. 
Rather than having to wait 6-7 months to reen- 
ter an area treated with nonautogenous grafts and 
covering membranes, the clinician can reenter a 
site grafted with autogenous bone and covering 
membranes 4-5 months postoperatively to effect 
implant placement. 

This fact mandates a paradigm shift when se- 
lecting a graft material to be utilized beneath an 
appropriately employed membrane. If the speed to 
be gained from the use of autogenous bone is justi- 
fied by the additional time and morbidity inherent 
in graft procurement, autogenous bone should be 
employed. For example, if augmentation is to be 
carried out in the area of teeth numbers 12 and 13, 
and autogenous bone may be easily obtained from 
the tuberosity region in the same sextant, its use is 
logical, as there is little increase in either operating 
time or postoperative morbidity (Flow Chart 2.2). 

However, if procurement of autogenous bone 
requires the involvement of a second, distant sur- 
gical site, it becomes difficult if not impossible to 
justify its utilization in the majority of situations, 
with the attendant increase in operating time and 
postoperative morbidity. 

The fourth generation definition of success is 
therefore simplification of therapy for the patient 
without compromising treatment outcomes. 


Controlling Overlying Forces 
Failure to control forces on regenerating sites gen- 
erated by overlying prostheses will result in an 
increase in postoperative complications, including 
loss of soft tissue primary closure, soft tissue ab- 
scesses, and a decrease in the volume of regener- 
ated bone. It is imperative that a treating clinician 
stand firm in the face of patient requests and con- 
cerns when considering the use of overlying pros- 
theses throughout the course of regeneration. 
Naturally, if the patient can be temporized 
with a fixed prosthesis, whether it be to reestab- 


lish an appropriate occlusion or for other reasons, 
the question of controlling forces from an overlying 
prosthesis is easily solved. However, in situations 
where a temporary fixed prosthesis will not be em- 
ployed, controlling overlying forces on graft sites is 
of paramount importance. 

When the bone in a single- or two-tooth site 
is to be regenerated, numerous simple temporiza- 
tion options present themselves. An Essex retainer 
may be employed. It affords the advantages of an 
inexpensive, easy to fabricate temporary solution 
which will not impinge upon the underlying re- 
generative site. The limitations to Essex retainer 
utilization include the need to use it in only one- 
or two-tooth sites, as its employment over greater 
edentulous spans will result in retainer flexure and 
impingement upon the regenerating area. In addi- 
tion, a patient’s occlusion may preclude Essex re- 
tainer utilization if adequate interocclusal space is 
not present to allow its placement. Finally, an Es- 
sex retainer is an esthetic compromise in the best 
of situations. 

A Monodent bridge or a Maryland bridge may 
also be employed if temporization is to be carried 
out in a one- or two-tooth site. While a Mary- 
land bridge is less invasive to the adjacent teeth, 
it is more expensive and requires additional vis- 
its, when compared to a Monodent bridge. The 
Monodent bridge is minimally invasive (not non- 
invasive) to adjacent teeth, and often represents a 
viable treatment option, especially if the adjacent 
teeth already present with Class II restorations. 

If an anterior area of greater than two teeth 
in width is to be treated with regeneration, and the 
patient is not having a fixed temporary prosthesis 
placed for other reasons, a removable partial pros- 
thesis must be utilized. In such a situation, it is 
imperative that the buccal flange of the prosthe- 
sis be removed to the level of the cementoenamel 
junctions of the acrylic teeth, and that the under- 
surface of the prosthesis be hollowed out where 
it overlays the regenerating site. The patient is al- 
lowed to wear the prosthesis for esthetic reasons, 
but is admonished not to eat with the prosthesis in 
place at any time throughout the course of regen- 
eration. It is critical that this point is underscored 
to the patient by explaining that if the patient does 
eat with the prosthesis in place, the regenerative 
therapy will fail, and the patient will have to in- 
cur both the expense and the discomfort of un- 
dergoing the treatment a second time. Failure to 
provide such severe admonishments often results 
in patient misuse of the prosthesis once the soft 


tissues have healed, with a resultant compromise 
in the regenerative outcomes of therapy. When a 
removable prosthesis is being utilized by the pa- 
tient over a posterior site which will be regener- 
ated, one of two approaches is always employed. 
If the prosthesis is not in an esthetic area, it is 
taken from the patient so that it cannot be utilized 
inappropriately. 

If the patient insists on retaining the prosthe- 
sis, itis adjusted as previously described, removing 
the buccal flange and hollowing out the prosthesis 
where it overlays the regenerating site. The same 
admonishments are given to the patient as already 
explained. 

The most potentially difficult situation is that 
of a patient who is wearing a full maxillary denture. 
Such a scenario will be discussed in a subsequent 
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chapter, when various therapeutic options are ex- 
plored. 


Conclusions 


The maximization of treatment outcomes follow- 
ing guided bone regenerative therapy does not be- 
gin with the selection of graft materials, nor the 
utilization of various membranes. As with all other 
treatments, GBR therapy is highly diagnosis depen- 
dent. Once the appropriate diagnosis is carried out, 
the results of guided bone regenerative therapy are 
directly attributable to appropriate incision design, 
flap management, membrane selection, and ulti- 
mately the individual clinician’s inflexibility when 
defining success (Table 2.8). 


Table 2.8 Definitions of success following guided bone regeneration. 


Buccolingual ridge 
augmentation 


Implant dehiscences 
fenestrations 


Extraction socket 
reconstruction 


Apico-occlusal 
ridge augmentation 


First Adequate bone to Coverage of exposed 
generation place an implant implant surface with 
regenerated hard 
tissues 
Second Adequate bone to Adequate bone to 
generation withstand functional withstand functional 
forces over time forces over time 
Third All of the above plus All of the above plus 
generation regeneration of regeneration of 
prepathologic alveolar prepathologic alveolar 
morphology, allowing morphology, and 
placement of an maximum esthetic 
ideally sized implant in support for covering 
a perfect prosthetic soft tissue 
position, and 
maximum esthetic 
support for covering 
tissues 
Fourth Simplification of Simplification of 
generation therapy as much as therapy as much as 


possible, without 
compromising 
treatment outcomes 


possible, without 
compromising 
treatment outcomes 


Adequate bone to 
place an implant 


Adequate bone to 
withstand functional 
forces over time 


All of the above plus 
regeneration of 
prepathologic alveolar 
morphology, allowing 
placement of an 
ideally sized implant in 
a perfect prosthetic 
position, and 
maximum esthetic 
support for covering 
soft tissues 
Simplification of 
therapy as much as 
possible, without 
compromising 
treatment outcomes 


Adequate bone to 
place a 10-mm-long 
implant 


Adequate bone to 
place a 10-mm-long 
implant and adequate 
bone to withstand 
functional forces over 
time 

All of the above plus 
regeneration of 
prepathologic alveolar 
morphology, allowing 
placement of an 
ideally sized implant in 
a perfect prosthetic 
position, and 
maximum esthetic 
support for covering 
soft tissues 
Simplification of 
therapy as much as 
possible, without 
compromising 
treatment outcomes 
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Flow chart 2.1 Membrane selection (all membranes are secured with fixation tacks). 
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primary 

surgical site 
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surgical site 
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or blocks 


Intact Moderately Only procedure or 
extraction compromised severly compromised 
socket extraction extraction 
socket socket 
Particulate or Particulate or Bone putty 
bone paste graft bone putty graft graft 


Flow chart 2.2 Graft selection (osseous coagulum is collected, if possible). 
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Introduction 


The process of tissue repair involves a complex 
cascade of biological events in which a large list 
of cytokines and growth factors provide signals 
at local injury sites, regulating the mechanisms 
and pathways that govern wound healing and 
tissue regeneration (1). Although each tissue has 
its own specific characteristics and properties, 
most of them share common steps and pathways. 
One critical point is the implication of a wide 
range of biological mediators in the spatiotempo- 
ral control of the processes that govern tissue re- 
generation including chemotaxis, cell proliferation 
and differentiation, angiogenesis and extracellular 
matrix formation among others. In the process of 
bone regeneration, locally produced growth factors 
initially mediate the migration of osteoprogenitor 
cells to the defect site, and later mediate the direct 
differentiation of the osteoprogenitors toward spe- 
cific cell lineages. Growth factors also control cell 
proliferation, bone revascularization, and extracel- 
lular matrix production (2). 

Successful restoration of tissue functions de- 
pends upon a sequence of steps regulated by mul- 
tiple bioactive growth factors and proteins that 
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unfold over time through an orchestrated sequence 
of spatial changes (3). The progressive under- 
standing of these facts at a basic level provides 
a more sophisticated, knowledge-based approach 
to help develop technologies that allow controlled 
spatiotemporal release of bioactive factors (4, 5). 
One major breakthrough in the last few years has 
been the discovery that platelets may have im- 
portant therapeutic roles apart from their physi- 
ologic role in hemostasis. Recently, the therapeu- 
tic potential of platelets in promoting and acceler- 
ating tissue regeneration has gained the interest 
of the scientific and medical community (6, 7). 
This interest is in part because platelets, once acti- 
vated, secrete a large pool of proteins such as fib- 
rinogen, fibronectin and vitronectin, and growth 
factors including platelet-derived growth factor 
(PDGF), transforming growth factor- (TGF-£), 
vascular endothelial growth factor (VEGF), insulin- 
like growth factor (IGF-I), hepatocyte growth factor 
(HGF), angiopoietins, platelet factor-4 (PF-4), and 
thrombospondin among others to the local milieu, 
which may drive tissue regeneration mechanisms 
(8, 9). Assuming the potential of platelets as biolog- 
ical systems for growth factor delivery, much effort 
has been devoted to properly formulate platelets 
into “therapeutic preparations” that could be clini- 
cally tested and utilized in the treatment of numer- 
ous medical disorders. 


PRGF: An Optimized Platelet-Rich 
Plasma 


The concept of platelet-rich plasma is relatively 
new in biomedicine and biotechnology. In the pio- 
neering studies of Marx et al. and Anitua (6, 7), 
a preparation rich in platelets, or platelet-rich 
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plasma, was reported as a new therapeutic tool 
to promote bone and soft tissue regeneration. This 
approach used platelets as growth factor reservoirs 
with the aim of releasing biological mediators and 
proteins close to the injured tissues. 

Numerous research groups have produced 
their own platelet-rich plasmas using different pro- 
tocols and techniques, leading to a large list of ex- 
perimental data which has provoked discrepancies 
and controversies, especially regarding the poten- 
tial benefits of this biotechnological procedure. In 
the field of bone regeneration, some authors have 
reported significant improvements in tissue heal- 
ing and bone formation using platelet-rich plasma 
(10, 11), while others did not observe any benefit 
(12, 13). This controversy is the consequence of the 
lack of suitable qualitative and quantitative stan- 
dardization of different platelet-rich preparations, 
and great variation in the processes for producing 
them. Unfortunately, there is a trend to condense 
all reported results, and consider all products as 
one platelet-rich plasma. 

Preparation rich in growth factor (PRGF) fol- 
lows the philosophy of classical platelet-rich prod- 
ucts. However, it represents an alternative method 
by which to formulate and use platelets in a 
100% autologous and biocompatible product that 
circumvents some of the limitations reported for 
other platelet-rich plasma preparations. PRGF is an 
autologous plasma product enriched in platelets 
which, after activation, release multiple growth 
factors and bioactive proteins locally that modu- 
late the processes of wound healing and tissue en- 
gineering (14). This type of preparation is easily 
and rapidly obtained from the patient’s blood. Be- 
cause the donor and receptor are the same, the 
immunological concerns are circumvented. PRGF 
is obtained from a simple spin method and uti- 
lizes small and variable blood volumes depend- 
ing upon the type of surgery. Sodium citrate and 
calcium chloride are used as anticoagulant and 
clot activator, respectively. The former protects the 
platelets from fragmentation, helping to avoid the 
loss of growth factor content; while the latter en- 
ables a safer and more sustained physiological re- 
lease of the stored growth factors (15). The po- 
tential risks associated with the bovine thrombin 
are avoided with this approach (16). PRGF con- 
tains a moderate elevated platelet concentration of 
approximately 600 x 10° platelets/uL, which has 
been reported to induce optimal biological bene- 
fit (17). PRGF does not contain neutrophils, which 


express matrix-degrading enzymes, such as matrix 
metalloproteinases-8 (MMP-8) and MMP-9, and 
release reactive oxygen species that destroy sur- 
rounding injured or healthy cells (18). As a result, 
a more homogeneous and reproducible preparation 
is obtained. In addition, the collection and frac- 
tionation tubes employed in PRGF elaboration are 
accepted by the European regulatory agency to be 
used in the field of tissue engineering, which repre- 
sents a significant step in reinforcing the biosafety 
and standardization of this technology. 


Developing the Concept 
of PRGF Technology 


PRGF is a technology that enables the formation 
of different autologous and biocompatible formu- 
lations. By controlling the elaboration protocol and 
coagulation degree of the samples, it is possible 
to obtain different formulations with therapeutic 
potential (19) (Figure 3.1). In addition, the com- 
bination of these formulations with biomaterials 
increases the versatility of the approach (4). For 
example, a liquid supernatant enriched in proteins 
and growth factors can be easily obtained from the 
patient’s blood after platelet activation and retrac- 
tion. This PRGF supernatant might be used as con- 
ventional eyedrop and cell culture media (20, 21). 
The activated liquid PRGF is a formulation utilized 
to bioactivate dental implant surfaces, creating a 
biologically active nanomembrane on the titanium 
surface (22). This approach potentially accelerates 
dental implant osseointegration, improving the ini- 
tial stability of the implant and helping ensure 
success. 

In order to maintain the growth factors at 
the site of implantation, retain them from exces- 
sive initial burst release, and provide a scaffold 
that promotes tissue regeneration, the scaffold-like 
PRGF might be utilized. By controlling the acti- 
vation process of the platelets, it is possible to 
obtain a three-dimensional fibrin scaffold, from 
which a more controlled growth factor delivery is 
achieved. Control over growth factor pharmacoki- 
netics and biodistribution is obtained by combining 
the scaffold-like preparation with different natural 
and synthetic biomaterials including collagen, cal- 
cium sulfate, or polycaprolactone composites (23). 
As these biomaterials have the opposite charge of 
growth factors, they form ionic complexes with the 
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Figure 3.1 The technology of PRGF enables the production of different formulations with therapeutic potential from the same 
patient’s blood depending on the coagulation and activation degree of the samples: (a) a BTI Tiny dental implant humidified 
with PRGF; (b) scaffold-like PRGF; and (c) a graft consisting of a mixture of anorganic bone and PRGF. 


growth factors, controlling growth factor release 
through the strength of the ionic interactions. 

These scaffold-like preparations only act as 
carriers for growth factors and proteins, and al- 
low cellular infiltration and subsequent integration 
of the newly formed tissue within the native tis- 
sue. Since these fibrin scaffolds are biocompatible, 
noncytotoxic, and nonimmunogenic to prevent any 
adverse effects on recruited cells and neighboring 
tissue, their combination with isolated cells and 
growth factors has opened the door to several tis- 
sue engineering approaches for bone regeneration, 
and cartilage and periodontal tissue engineering 
(24). PRGF technology can also be used to pro- 
duce elastic, dense, and hemostatic fibrin, which is 
an excellent tool to seal postextraction sockets and 
to promote epithelialization of soft tissues. 


Protocol for PRGF Elaboration 


To obtain a reproducible PRGF product, it is nec- 
essary to follow specific elaboration protocols, and 
to use the PRGF kit. The PRGF kit includes citrated 
tubes, the PRGF activator, and all material neces- 
sary for successful PRGF elaboration (Figure 3.2a). 

Peripheral blood (10-72 mL, as required) is 
drawn by venipuncture just before surgery and is 
placed into BTI blood collecting tubes~ that con- 
tain 3.8% (wt/vol) sodium citrate as an anticoagu- 
lant. Using a single-step centrifugation at 460g for 
8 min (PRGF System™’, Vitoria, Spain), blood is 
separated at room temperature into its three basic 
components: plasma containing mostly platelets, 
the white blood cell layer (known as the buffy 
coat), and red blood cells (Figure 3.2b). Usually, 


Figure 3.2 (a) The PRGF kit includes all the necessary material for a successful PRGF elaboration. (b) After centrifugation, 


the separation of the different fractions is clearly observable. 
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the plasma fraction located at the top of the tubes 
is used to create an autologous fibrin membrane. 
The latter is prepared by transferring the plasma to 
a glass bowl and adding PRGF activator ~ . It is in- 
cubated at 37°C for 20-25 min, allowing formation 
of a biocompatible fibrin membrane with excellent 
elastic and homeostatic properties. 

The scaffold-like PRGF is prepared by collect- 
ing and disposing, in a fractionating tube, the con- 
tiguous plasma fraction which is located above the 
red blood cells. Care should be taken to avoid tak- 
ing the buffy coat. In order to initiate clotting, PRGF 
activator® (calcium chloride) is added to the liq- 
uid preparation (50 uL PRGF activator® per mL of 
preparation). 


Initial Research Evidence 
of PRGF Efficacy 


The initial basic research involving PRGF was 
focused on the biological effects induced by 
growth factors and proteins released from the au- 
tologous preparation in different cells and tissues. 
It was demonstrated that PDGFs can stimulate the 
proliferation of different type of cells including 
myocites, chondrocites, fibroblasts, human 
mesenchymal stem cells, tenocytes, and os- 
teoblasts. The culture potential of PRGF super- 
natants for the expansion of human tenocytes has 
been evaluated (14, 25). PRGF significantly stimu- 
lated the proliferation of tenocytes and induced the 
paracrine secretion of both VEGF and HGF. The 
latter is particularly important as these agents play 
an active role in angiogenesis and as an antifibrotic 
molecule. Another important consideration is that 
cells return to their normal fate of proliferation 
once the PDGFs are withdrawn, which is an 
obligatory biosafety requirement, if the cells are 
to be transplanted into humans. Furthermore, a 
potent angiogenic effect and a cell proliferation 
stimulation were observed in vivo (14). 

The potential of the scaffold-like PRGF and 
liquid PRGF to accelerate and promote bone regen- 
eration and faster osseointegration of dental im- 
plants has also been shown. Histological analysis 
at 8 weeks revealed mature bone trabeculae when 
PRGF was used to fill artificial defects, whereas the 
control samples showed mainly connective tissue 
with incipient signs of bone formation. In a second 
set of experiments, 26 BTI implants (13 humidi- 


fied with liquid PRGF) were placed in the tibiae 
of goats. Histological and histomorphometrical re- 
sults demonstrated that application of liquid PRGF 
increased the percentage of bone-implant contact 
in 84.7% of the sites treated. The complete sur- 
faces of the PRGF-treated implants were covered 
by newly formed bone, whereas only the upper 
half of the surfaces was surrounded by bone in 
the control implants. Thus, the use of PRGF scaf- 
fold might have implications for the treatment of 
postextraction defects, especially when complete 
regeneration of the alveolar bone and surrounding 
soft tissues are necessary to ensure the future suc- 
cess of the implant. Dental implants should be hu- 
midified with liquid PRGF before their insertion, as 
such treatment accelerates osseointegration. This 
phenomenon can be explained in part because the 
growth factors derived from platelets stimulate pro- 
liferation of different cells including human trabec- 
ular bone cells, human osteoblast-like cells, human 
stromal stem cells, and human mesenchymal stem 
cells (20, 26-29). Because of the polarity of the 
titanium surface, the negatively charged proteins 
present in the liquid PRGF, such as vitronectin and 
fibronectin, may be adsorbed on the implant’s sur- 
face. These proteins may provide specific sites for 
cell adhesion. Fibronectin is a well-known adhe- 
sive protein (30) which will enhance the formation 
of focal adhesions by osteoblasts (31) and improve 
the adhesion and spreading of gingival fibroblasts 
on the implant surface (32). 


Therapeutic Applications of PRGF in 
Dentistry and Oral Implantology 


The first report describing the therapeutic poten- 
tial of PRGF involved 20 patients who underwent 
tooth extraction because of periodontal disease or 
vertical root fractures (7). In most of the patients 
receiving PRGF, soft tissue epithelialization was 
complete; bone regeneration was extensive; and 
the bone tissue was compact with well-organized 
trabeculae. In the control group connective tissue 
and little mature bone were found in the extraction 
sockets. In addition to the growth factors released 
from the scaffold-like PRGF, this technology also 
enables the production of an elastic, biocompatible, 
and hemostatic fibrin, which is an excellent bioma- 
terial for the sealing of the defects (Figure 3.3). 
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Figure 3.3 The biocompatible fibrin obtained from the patient’s blood is hemostatic and very elastic. 


The therapeutic opportunities derived from 
PRGF technology are increasing. PRGF can be used 
to facilitate the aggregation, manipulation, and ad- 
ministration of different biomaterials used in den- 
tistry, including autologous bone. Liquid PRGF is 
an excellent culture medium for autologous bone, 
as it provides an environment rich in growth fac- 
tors and proteins, which help maintain the viability 
and functionality of the bone particles (33). Liq- 
uid PRGF is also an aid in sinus elevation surg- 
eries, as it provides an increased volume to fill the 
sinus. 

As demonstrated in animal studies, the PRGF 
scaffold is an excellent tool by which to fill post- 
extraction defects, with the aim of inducing rapid 
regeneration of the bone and adjacent soft tissues. 
When bone densitometry was measured using the 
Hounsfield scale, it was observed that bone den- 
sities in the sockets filled with PRGF were signif- 
icantly higher than that in control sockets, which 
received no PRGF. Filling the defects with PRGF 
scaffold increased bone densitometry within the 
defects over 180%. 

Clinical demonstration of efficacy and 
biosafety of humidifying dental implants with 
PRGF represents a potential breakthrough in the 
field of oral implantology (22). Recent reports con- 
firm the predictability, biosafety, and efficacy of 
bioactivated dental implants. In a report evalu- 
ating the survival of more than 5,700 implants 
in 1,060 patients, the overall survival rate of BTI 
implants was 99.2% for the implant-based anal- 
ysis. Twenty-eight out of 5,787 implants (0.48%) 
were lost during the observation period. Although 
smoking habits, implant position, implant staging 
(two-stage implants), and the implementation of 


special techniques were statistically correlated with 
lower implant survival rates, only implant stag- 
ing and the use of special techniques were con- 
sidered as risk factors associated with implant fail- 
ure. In a report of the survival of more than 530 
short BTI implants humidified with liquid PRGF, 
an overall survival rate of 99.2% was observed for 
the implant-based analysis. Two implants were lost 
during the observation period (34). 

The technology of PRGF can be successfully 
applied to the immediate loading of implants. 
When evaluating over 1,130 immediately loaded 
bioactivated implants, a survival rate of 99.3% 
was observed for the implant-based analysis. Five 
implants were lost. Apart from the use of PRGF 
and fibrin, a detailed surgical and prosthetic pro- 
tocol for immediately loading of implants was 
reported upon, which included the necessity of 
bone densitometries >500 Hounsfields and inser- 
tion torque values, measured by a dynamometric 
ratchet wrench, in the range of 45-70 Nw. 

PRGF is also used as an aid in sinus elevation 
surgeries (35). Once the osseous window is sepa- 
rated, it is placed in a solution of liquid PRGF until 
it is replaced in its native anatomic location. 

In cases of Schneiderian membrane perfora- 
tion, the biocompatible fibrin may be used as autol- 
ogous sealant biomaterial. The graft material used 
to fill the cavity is a mixture of Bio-Oss and liq- 
uid PRGF. This combination allows the formation 
of a clot in which the bovine bone is incorpo- 
rated, facilitating the manipulation and administra- 
tion of the latter, and increasing the biosafety of the 
approach. 

This protocol for sinus elevation, which in- 
cludes the use of PRGF and autologous fibrin, has 
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Figure 3.4 (a) A vertical fracture is noted in a 45-year-old woman. (b) Tooth extraction is carried out and the defect is filled 
with scaffold-like PRGF. (c) A view of the postextraction defect, 24-h posttreatment. (d) Epithelialization has occurred 10 
days posttreatment. (e) Eleven weeks posttreatment, a scan is performed to visualize tissue regeneration within the defect. 
(f) The thickness of the keratinized tissue is evident. (g) Extensive bone regeneration is evident. (h) Dental implants were 
installed 11 weeks posttreatment. The final prosthesis was inserted 3 months later. 


been demonstrated to be effective, safe, and pre- The implants were followed for a meantime of 33 + 
dictable. A recent report documented 18 patients 7 months, ranging from 24 to 44 months. The sur- 
who received 43 dental implants after sinus floor el- vival rate of the implants was 100% during the ob- 


evation according to the protocol described above. servational period. Figures 3.4 and 3.5 demonstrate 
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Figure 3.5 (a) Implants are immediately installed after tooth extraction in a 54-year-old man. (b) The gap is filled with 
autologous bone obtained from the drilling procedure. (c) The area is covered with a fibrin membrane obtained with the 
PRGF protocol. (d) Three months after the treatment, regeneration is clearly observed in the area. 


the therapeutic potential of PRGF technology as 
an aid in surgery, both for dentistry and oral 
implantology. 


PRGF in Other Medical Fields 


The ability to properly formulate platelets and 
growth factors in novel formulations has stimu- 
lated the research and use of this type of prepa- 
ration in other medical fields including orthope- 
dics, ulcer treatment, eye disorders, and tissue en- 
gineering. Of particular note is the use of PRGF 
in surgery with the aim of accelerating the re- 
construction and repair of musculoskeletal tissues. 
The activated PRGF can be injected among rup- 
tured tendon fibers after the tendon is sutured. Us- 
ing this surgical approach in six athletes, a sig- 
nificant acceleration in functional recovery was 
observed compared to a matched group that fol- 
lowed conventional surgery (36, 37). Encourag- 
ing results have been reported after using PRGF 
in arthroscopic surgery of the anterior cruciate 


ligament and avulsion of the articular cartilage 
(37, 38). In addition, the therapeutic potential 
of PRGF in the treatment of chronic ulcers has 
been documented. In a randomized open-label con- 
trolled pilot trial, the effectiveness of a protocol 
consisting of coagulating the PRGF in vivo within 
the bed ulcer and covering the area with a fib- 
rin membrane prepared ex vivo in the treatment 
of chronic vascular ulcers was analyzed and com- 
pared with standard therapy (38). Results showed 
that at 8 weeks, the mean percentage of sur- 
face healed in the PRGF group was 73 + 22%, 
whereas it was 21 + 34% in the control group 
(P < 0.05). 


Conclusions 


PRGF is a new biotechnology for the stimulation 
and acceleration of soft tissue healing and bone re- 
generation. The above examples represent some 
of the interesting approaches of PRGF in den- 
tistry, oral implantology, and other medical fields. 
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The promising results obtained up until now, and 
the new approaches under study, point to a fu- 
ture in which this technology may be broadly ap- 
plied to current and exciting developments and 
applications. 
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Introduction 


The twenty-first century has introduced several ad- 
vances in dental technology that benefit both the 
patient and clinician. The incorporation of dig- 
ital technology, ranging from radiographic tech- 
niques (cone-beam computed tomography [CBCT]) 
to CAD/CAM restoration, fabrication, has stream- 
lined dental rehabilitation and rendered such reha- 
bilitation more predictable and successful. Practi- 
tioners are now armed with numerous diagnostic 
tools to assist in patient evaluation and planning for 
dental implant therapy. Utilization of these tools, 
in conjunction with five key diagnostic parameters, 
will help team members improve treatment efficacy 
and reduce treatment time for patients. 
Historically, implant therapy took many 
months to years to complete. Bone augmentation 
procedures were unpredictable and implant sur- 
faces were machined or coated, necessitating ex- 
tended healing times which often led patients to de- 
cline therapy due to the time commitment required. 
Advances in implant surface design (roughened 
and chemically active) and simultaneous grafting 
procedures (where indicated) have significantly 
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reduced these healing periods, making implant pro- 
cedures more attractive to patients (1-15). To- 
day’s dental patient is often educated through inter- 
net research and propaganda, making it vital that 
the clinicians understand patient treatment desires 
from the beginning. A clear understanding of what 
the patient wants often may not correlate with what 
the patient needs. Keys to success are finding the 
point where “wants” meet “needs,” describing the 
value of therapy in terms of the patient’s desires, 
and providing therapy which satisfies both. 

This chapter will highlight the key diagnostic 
parameters needed to evaluate and plan for implant 
rehabilitation. 


Patient Evaluation 


The patient is first evaluated regarding his or her 
candidacy for dental implant rehabilitation at the 
consultation visit. During this session, a medical 
risk assessment and past dental history must be 
reviewed, highlighting any risks that may be con- 
traindications to implant surgery (Table 4.1). Time 
should be invested in educating the patient regard- 
ing the options for tooth replacement, and the ben- 
efits or drawbacks of each approach. Four major 
treatment options are often available: 


e fixed (tooth or implant supported) 

e removable (conventional or implant assisted/ 
supported) 

e a combination of fixed and removable 

e no treatment 


It is crucial to inform patients of the potential in- 
traoral side effects of tooth loss, which include 
(Table 4.2): 


e decrease in soft and/or hard tissue volume 
e tooth crowding 


Table 4.1 General risk factors for implant therapy. 


Risk factor Remarks 


Medical Severe bone disease causing impaired 
bone healing 

Immunologic disease 

Steroid use 

Uncontrolled diabetes mellitus 
Irradiated bone 


Others 

Active periodontal disease 
History of refractory periodontitis 
Genetic disposition 


Periodontal 


Smoking habits Light smoking (<10 cigarettes per day) 


Heavy smoking (>10 cigarettes per 


day) 
Oral hygiene/ Home care measured by gingival 
compliance indices 
Occlusion Personality 

Intellectual aspects 

Bruxism 


Buser et al. (16). 


e supereruption of the opposing dentition 
e anatomical issues 

e loss of vertical dimension 

e malocclusion 


These problems can usually be prevented when 
implants are placed simultaneously with tooth re- 
moval. However, when patients present with eden- 
tulous spans, the above-listed deficiencies should 


Table 4.2 Side effects from tooth loss, and treatment options. 
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be addressed in conjunction with the tooth replace- 
ment. This discussion will help prepare the patient 
for the procedures necessary, in addition to the im- 
plant surgery, to render the implant rehabilitation 
successful. Table 4.2 lists several scenarios and the 
treatment options necessary to address them ap- 
propriately. 

Visualization of tissue deficiencies by the pa- 
tient can be enhanced with patient mirrors, intrao- 
ral cameras, dental photography, and dental radio- 
graphy. CBCT is a recent addition to the dentist’s 
armamentarium which offers the ability to view 
hard and soft tissue defects, and anatomical lim- 
itations, in a quick and accurate digital rendition 
(Figure 4.1). These views capture a volume of data 
that is processed and converted into slices, rang- 
ing from 0.4- to 1-mm thick, which can be viewed 
in several formats. Sectional views allow visual- 
ization of the hard tissue volume and its relation 
to anatomical structures such as nerves, sinuses, 
roots, etc. (Figure 4.2). Several hardware options 
(CBCT machines) and software programs are avail- 
able which allow utilization of this technology in 
the dental office. 

Patients who seek restoration of lost or fail- 
ing teeth in the anterior maxilla, often referred to 
as the “esthetic zone,” introduce an added level 
of difficulty to planning and treatment with dental 
implants. Utilization of an esthetic risk assessment 
(ERA) analysis allows the clinician to chart rele- 
vant clinical parameters and inform the patient of 
the potential for esthetic success or compromise in 
the final treatment result (Table 4.3). Successful 
integration of the ERA analysis is dependent upon 
the clinician understanding the parameters for an 
esthetic implant restoration (16). 


Defect Treatment options 

Soft tissue Guided tissue regeneration (GTR), orthodontic extrusion 

Hard tissue Guided bone regeneration (GBR), ridge splitting technique, osteotome expansion, 
combinations 

Crowding Orthodontics, restorative therapy 

Supereruption Orthodontic, restorative, periodontic, and/or endodontic therapies 

Anatomical GBR, orthodontics, maxillofacial surgical therapy 

Loss of vertical dimension Restorative, periodontic, endodontic, orthodontic, and/or maxillofacial surgery therapies 

Malocclusion Orthodontic, restorative, and/or maxillofacial surgical therapies 
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Figure 4.1 Three-dimensional rendering of DICOM data allows for sectional views of the hard and soft tissues. 


STANDARDS FOR AN ESTHETIC FIXED 
IMPLANT RESTORATION 


An esthetic implant prosthesis is defined as one 
that is in harmony with the perioral facial struc- 
tures of the patient. The esthetic peri-implant tis- 
sues, including health, height, volume, color, and 
contours, must be in harmony with a healthy sur- 
rounding dentition. The restoration should imitate 
the natural appearance of the missing dental unit(s) 
in color, form, texture, size, and optical properties. 

The ERA analysis establishes low-, medium-, 
and high-risk levels, which are based upon achiev- 
ing a result as previously outlined. For example, a 
patient who has several high-risk levels in the ERA 
analysis may still elect to proceed with care, under- 
standing that an esthetic compromise may follow. 
The ERA does not refer to overall implant survival. 

At the conclusion of the consultation visit, the 
patient should have been provided with enough 
information to determine if he or she is a candidate 
for dental implant therapy. Prior to committing to 
treatment, a comprehensive examination must be 
performed. This examination includes: 


extra- and intraoral examination 
hard and soft tissue charting 
periodontal charting 

occlusal analysis 

diagnostic impressions 
radiographs 

photography 


This information is utilized by the treatment team 
to generate viable therapeutic options, which will 
be presented to the patient. The appropriate treat- 
ment plan is then selected and initiated. 


Treatment Planning 


Patients seek out the dentist to replace what was 
lost, whether it be a tooth or teeth. With this fact in 
mind, dental implants should be thought of as root 
replacements for missing dental units. Successful 
implant therapy is grounded in a restoration-driven 
approach to the planning and placement of the den- 
tal implants (17, 18). Planning for implant rehabil- 
itation becomes a “crown-down” approach to site 


Patient Evaluation and Planning Considerations 


2mm 


a 


f] 10.36 mm 


Figure 4.2 Sectional views afford visualization of alveolar dimensions to help in planning appropriate implant angulation 


(In Vivo Dental, Anatomage). 


enhancement and implant positioning. The treat- 
ment team must adopt this concept in order to en- 
sure predictable, efficient, and streamlined delivery 
of care. When planning for implants, five key pa- 
rameters dictate this restoration-driven process: 


restorability 

soft tissue evaluation 
hard tissue evaluation 
anatomical considerations 
revisit restorability 


Upon completion of data collection, the patient’s 
charting, casts, photos, and radiographs are uti- 
lized by the team to determine the most advanta- 
geous options for the patient. 


RESTORABILITY 


Prior to performing a diagnostic wax-up, planned 
restoration(s) should be visualized, to analyze the 
therapeutic steps necessary to ensure successful 
implant rehabilitation. The edentulous space is ex- 
amined in three dimensions. Components exam- 
ined include: 


e the inter-arch space 

e the intradental space 

e the occlusal plane 

e the position of the gingival margins of the sur- 
rounding teeth 


The next step is to determine if the dimensions of 
the planned restoration(s) are appropriate in size 
to the contralateral teeth (when applicable). When 
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Table 4.3 Esthetic risk assessment for edentulous sites. 


Esthetic risk factors Low Medium High 
Medical status Healthy patient and Reduced immune 
intact immune system system 
Smoking habit Nonsmoker Light smoker (<10 Heavy smoker (>10 
cigarettes per day) cigarettes per day) 
Patient's esthetic demands Low Medium High 
Lip line Low Medium High 
Gingival biotype Low scalloped, thick Medium scalloped, High scalloped, thin 
medium thick 
Shape of tooth crowns Regular Triangular 
Bone level at adjacent teeth <5 mm to contact point = 5 mm to contact point >5 mm to contact 
point 
Periodontal health status Healthy Moderately compromised Severely 
compromised 
Restorative status of Virgin Restored 


neighboring teeth 
Width of edentulous span 1 tooth (>7 mm) 


1 tooth (=5.5 mm) 


Soft tissue anatomy Intact soft tissue 
Alveolar crest without 


bone deficiency 


Bone anatomy of alveolar crest 


1 tooth (< 7 mm) 2 teeth or more 

1 tooth (<5.5 mm) 

Soft tissue defects 
Vertical bone 
deficiency 


Horizontal bone deficiency 


Martin et al. (18). 


deficits or excesses exist in any of the previous di- 
mensions, measures must be taken and therapeutic 
strategies devised, prior to proceeding with treat- 
ment. For example, a lack of adequate intra-arch 
space may require orthodontics to create sufficient 
space for the planned restoration(s); or reduction 
of the adjacent teeth may be incorporated into the 
treatment plan (Figures 4.3a-d). A diagnostic wax- 
up is often performed to confirm implant restorabil- 
ity. Prior to initiating this procedure, it is necessary 
to build up or reduce the edentulous space to cre- 
ate an ideal ridge form (Figure 4.4). This exercise 
ensures placement of the teeth in ideal positions 
related to the arch, thus creating ideal emergence 
profiles. Once the planned restoration is developed, 
a soft-tissue evaluation may be performed. Fabri- 
cating a vacuform template over a duplication of 
the diagnostic wax-up will allow visualization of 
the planned restoration on the diagnostic cast, or 
directly in the patient’s mouth (Figure 4.5). The 
vacuform template serves as a Means to ensure a 


restoration-driven process for the planning for aug- 
mentation procedures and dental implant position- 
ing (Figure 4.6). 


SOFT TISSUE EVALUATION 


Evaluation of the soft tissues is based upon the 
clinical situation at the proposed implant site. Two 
scenarios max exist: 


e the tooth is present 
e the site is edentulous 


When the tooth is present and adequate in restora- 
tive dimensions, it will function as the planned 
implant restoration. The soft tissue evaluation is 
then based upon the existing clinical crown related 
to the planned implant restoration’s mucosal mar- 
gin. Assessment of soft tissue defects around these 
teeth can be aided through reference to Miller’s 
classification of gingival recessions (Table 4.4). 
Sites exhibiting Miller Class I defects can often be 
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Figure 4.3 (a) A lack of adequate interocclusal space in edentulous site numbers 18 and 19 is evident. (b) Orthodontic 
therapy is utilized to create ideal interocclusal space for restoration of implants in the positions of numbers 18 and 19. (c) 
There is limited interdental space for the proposed implant in site number 6. (d) Enameloplasty was performed on teeth 
numbers 5 and 7 to create adequate space for restoration of the implant in the position of tooth number 6. 


Figure 4.4 A diagnostic wax-up, highlighting alveolar de- 
ficiencies in addition to replacement of missing teeth, has Figure 4.5 A vacuform template has been created from the 
been carried out. diagnostic wax-up. 
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Figure 4.6 The vacuform template is utilized to assist in 
the hard tissue augmentation procedure. 


addressed either at the time of tooth extraction or at 
implant placement through the use of connective 
tissue grafts. Miller Class II defects, where reces- 
sion extends past the mucogingival junction (MGJ) 
but does not involve interproximal tissues, often 
require soft and hard tissue grafting prior to im- 
plant placement. Defects treated in this manner will 
yield favorable esthetic outcomes (Figures 4.7a, b). 
Miller Class III and IV defects require soft and hard 
tissue grafting procedures prior to implant place- 
ment. The esthetic result in such a situation is 
often compromised. Restorative measures to ad- 
dress potential “black triangles” are usually neces- 
sary. Long clinical crowns, broad contact points, 


Table 4.4 Millers classification of gingival recessions. 


and restoration of adjacent teeth may be required. 
When teeth adjacent to the proposed implant site 
exhibit interproximal bone loss, surgical efforts to 
reattain tissue attachment to the teeth are unpre- 
dictable at best. 

When the proposed implant site is edentu- 
lous, the vacuform template of the diagnostic wax- 
up serves as a means by which to evaluate soft 
tissue support for the planned implant restoration. 
The width and height of the soft tissue volume in 
the edentulous space are assessed intraorally or on 
the diagnostic casts, using the template. Periodon- 
tal disease should be addressed prior to initiation 
of implant therapy, as active periodontal disease 
can increase the potential for complications asso- 
ciated with long-term survival of the dental im- 
plant(s) and result in loss of peri-implant tissue 
support. In sites free of active periodontal disease, 
a deficit of soft tissue volume is usually related to 
a deficiency in hard tissue volume. An example of 
this situation is the site of a congenitally missing 
tooth (Figures 4.8a, b). When adequate hard tissue 
is available for ideal implant positioning, soft tis- 
sue augmentation procedures can be planned (con- 
nective tissue grafts) in conjunction with implant 
placement. Such soft tissue grafting is important 
for esthetic success, as this added tissue volume 
creates a root form which will aid in establishing 
the appropriate emergence profile of the implant 
restoration. 


HARD TISSUE EVALUATION 


Upon completion of the restorability and soft tissue 
assessment, appropriate evaluation of the volume 
of hard tissue at the proposed implant site must 


Recession defect 


Expected treatment outcome 


Class 1: Recession does not extend to MGu, no loss in interdental area, tooth is well 


aligned in the arch 


Class 2: Recession extends to or beyond the MGu, with no loss in interdental areas, tooth 


is well aligned in the arch 


Class 3: Recession extends to or beyond the MGu, tissue loss in the interdental area, or 


malpositioning of the teeth 


Class 4: Recession extends to or beyond the MGu, loss in the interdental area and/or 


malpositioning of teeth is severe 


100% root coverage 


100% root coverage 


Partial root coverage 


Root coverage should not be 
attempted 
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Figure 4.7 (a) A Class II Miller defect is present on the buccal aspect of tooth number 8. (b) A view postextraction, grafting 


and implant placement, and restoration in site number 8. 


be carried out. Utilizing the vacuform template, 
hard tissue width and height are evaluated. When 
a deficit in hard tissue width exists and adequate 
attached soft tissue is present, onlay grafting may 
be considered. The degree of ridge atrophy will 
determine whether the site is augmented in con- 
junction with or prior to implant placement (16, 
19). One determining factor for the appropriate- 
ness of simultaneous implant placement and graft- 
ing is whether primary stability of the implant, in 
a perfect position, can be achieved at the time 
of surgery. An advantage to this approach is a 
reduction in overall healing and treatment time 
(Figures 4.9a, b). Rough surface dental implants 
placed with simultaneous hard tissue augmenta- 
tion are afforded three months of healing prior to 
commencing with implant restoration. When onlay 


grafts are necessary prior to implant placement, nu- 
merous grafting material options are available, in- 
cluding autograft, allograft, and xenografts (20, 21; 
Table 4.5). Autografts require up to four months of 
healing prior to implant placement, while allografts 
and xenografts require up to six months of heal- 
ing. Horizontal augmentation of an atrophic site 
is a routine procedure. Interim restoration options 
are important when addressing extended healing 
times, as patients desire teeth during this phase of 
treatment. A key factor in selection of an interim 
restoration is that it does not place pressure on the 
graft site, as such pressure will lead to resorption 
of the graft material. Several removable and fixed 
temporization options exist. 

When evaluating hard tissue support in a ver- 
tical dimension, the mucosal margin of the planned 


Figure 4.8 (a) An occlusal view of a congenitally missing tooth number 7. (b) A deficient ridge width is noted in site number 7. 
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Figure 4.9 (a) Primary stability of an implant in position number 9, with a full facial dehiscence, has been attained. (b) 
Hard tissue augmentation is performed over the exposed implant surface with a xenograft, prior to placement of a covering 


resorbable membrane. 


restoration, as determined by the vacuform tem- 
plate, is used as a reference point. When an excess 
of hard tissue exists, as is often seen in sites of 
congenitally missing teeth, it is imperative that the 
alveolar crest is contoured at the time of surgery 
to allow for proper vertical positioning of the im- 
plant (Figures 4.10a, b). Dental implants placed 
too shallow may result in several restorative com- 
plications, including an exposed implant collar, a 
compromised emergence profile, the need for ridge- 
lap restorations and limited restorative space. 
When deficiency of ridge height is present, several 
clinical situations may influence the treatment to 
be provided. Consideration should be given to the 
predictability of vertical augmentation, as this is 
a procedure that carries a higher failure rate than 
seen with horizontal augmentation. In the ante- 
rior maxilla, vertical deficits adjacent to teeth with 


Table 4.5 Hard tissue grafting options. 


adequate periodontal support are more amenable 
to vertical augmentation than sites bounded by 
teeth exhibiting attachment loss. The level of aug- 
mentation attained will usually be no more coro- 
nal than the height of the bone crests on the 
teeth bounding the edentulous span. In such sit- 
uations, consideration must be given to addressing 
the potential esthetic compromise through restora- 
tion of the adjacent teeth, allowing the clinician 
to control the contact points and embrasure forms 
(Figures 4.1la-d). 


ANATOMICAL CONSIDERATIONS 


Addressing anatomical limitations to implant place- 
ment is the most critical step in the overall evalu- 
ation process. Such limitations can be categorized 
as dental, alveolar, nerve, vessel, and sinus. Dental 


Graft type Description 

Autograft Tissue from same individual (i.e., ramus, chin, hip) 

Allograft Tissue from a different individual (i.e., demineralized freeze-dried bone (DFDBA) from bone bank) 
Xenograft Tissue from one species to another (i.e., pig or cow) 


Synthetic 


Graft made from natural occurring minerals (i.e., hydroxylapatite or surface reactive glass-ceramics) 
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(b) 


Figure 4.10 (a) A vacuform template in place highlights a vertical excess of alveolar crest height in relation to the planned 
implant restoration. (b) The alveolar crest has been contoured prior to placement of a dental implant. 


limitations become evident during the restorability 
evaluation. Upon completing a diagnostic wax-up, 
inter-arch and intra-arch dimensions are assessed. 
Root positions of the teeth adjacent to the implant 
site are assessed during a radiographic evaluation. 
Orthodontic therapy may be the treatment of choice 
to address such limitations. However, the introduc- 
tion of reduced diameter implants (i.e., —2.8 to 3.5 
mm) has facilitated implant placement in areas of 
limited inter-root space without the need for root 
expansion. When planning for implants in limited 
areas of inter-root space, the implant should not be 
placed within 1.4 mm of the adjacent root surface. 
Alveolar considerations are addressed during the 
soft and hard tissue assessment. There are anatom- 
ical limitations that are present in all patients that 
must be addressed. In the posterior mandible, the 
lingual concavity should be visualized during plan- 
ning, or manually during surgery. This concavity 
will become more important as mandibular resorp- 
tion progresses. Another area of consideration is 
the anterior mandible. Perforation of the lingual 
cortical plate could lead to trauma to the lingual 
artery, a serious complication. Nerves and vessels 
are most often found in close proximity to each 
other, and are thus evaluated together. The infe- 
rior alveolar nerve should be evaluated through the 
use of a calibrated radiograph or a cross-sectional 
study. The introduction of guided implantology al- 
lows practitioners to place implants within 1 mm 
of the inferior alveolar canal. Other areas of sig- 
nificance are the nasopalatine nerve and anterior 
branch of the inferior alveolar nerve, which is an- 


terior to the mental foramen. These anatomical 
areas should be isolated and avoided during im- 
plant surgery. Pneumatized maxillary sinuses are 
addressed with a variety of surgical procedures, as 
will be discussed in Chapter 6. 


REVISIT RESTORABILITY 


Upon completion of the evaluation process, a ten- 
tative plan for implant therapy should be evident. 
When adjunctive therapies such as orthodontics 
or soft or hard tissue grafting have been carried 
out, the restorability of the site must be revisited 
prior to proceeding with implant placement. For 
example, when vertical augmentation procedures 
are planned in the posterior mandible to address 
ridge atrophy and inferior alveolar nerve position, 
the inter-arch space would decrease postgrafting. 
A restorable situation pregraft could become un- 
restorable postgraft. It may thus become necessary 
to address the opposing arch in order to make the 
patient an implant candidate. 

Another example is when orthodontic therapy 
is planned to align the roots of the teeth adjacent 
to an implant site. Incremental follow-up care by 
the restorative dentist is important to maintain the 
interdental space. In situations where orthodontics 
is to be utilized to create the necessary restorative 
space or to align roots, placement of a denture tooth 
on the arch wire assists in visualizing ideal tooth 
size, in addition to providing the patient with an 
esthetic interim prosthesis (Figure 4.12). 
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Figure 4.11 (a) A pretreatment view of failing teeth num- 
bers 8 and 9. (b) A radiograph highlights the degree of 
bone loss on teeth numbers 8 and 9. (c) Provisional implant 
restorations have been placed on numbers 8 and 9, high- 
lighting the posttreatment attachment loss on number 10. 
(d) Restoration of the implants in the positions of numbers 
8 and 9, and natural tooth number 10, have been carried 
out. 


Figure 4.12 A denture tooth (number 8) has been attached 
to the orthodontic archwire to assist in creating an ideal 
restorative space for the planned implant. 


Conclusions 


It remains imperative to evaluate and plan treat- 
ment in an appropriate and concise manner, to en- 
sure predictable and consistent therapeutic results. 
The five parameters discussed afford a systematic 
approach for site evaluation. Utilizing a restoration- 
driven approach to evaluation and planning is in- 
dispensable to providing the best care for the pa- 
tient. Utilizing a restorative-driven approach for 
implant placement will create efficient restorative 
procedures and consistent esthetic and functional 
results. The patient visits the dentist to replace a 
missing tooth, not to receive a dental implant. The 
dental implant serves as the foundation for restora- 
tive success. 
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Introduction 


Predictable implant-based treatment in the esthetic 
zone is reliant upon accurate and comprehensive 
patient assessment by the treatment team. The de- 
velopment of an esthetic and functional treatment 
plan, which is accepted and clearly understood by 
the patient, is critical to the outcome. This is of 
particular significance when treatment is planned 
in the esthetic zone, which has been objectively de- 
fined as any dentoalveolar segment visible upon a 
full smile. Subjectively, the esthetic zone has been 
considered any dentoalveolar area of esthetic im- 
portance to the patient (1). 

Optimal treatment outcomes for many pa- 
tients rely on the surgical augmentation of exist- 
ing hard and soft tissue deficiencies (Figures 5.1 
and 5.2). Restoratively, clinicians must also be cog- 


134 


nizant of the limitations introduced by spatial and 
occlusal disharmonies, and their influence upon 
esthetic and functional outcomes (Figures 5.3a- 
c). Understanding the interdependence between 
prosthodontics, periodontics, maxillofacial surgery 
and orthodontics is, therefore, central to treatment 
success. A simple and repeatable method for the 
identification of esthetic and functional consider- 
ations should be routine as part of the treatment 
planning process. Obtaining an optimal esthetic 
outcome requires not only the replacement of miss- 
ing teeth, but also the replacement of missing hard 
and soft tissues and the management of the denti- 
tion from a three-dimensional perspective (2). 

Failure to adhere to these principles in the es- 
thetic zone increases the risk of outcome complica- 
tions. A comprehensive pretreatment esthetic risk 
analysis (3) is central to recognizing patients with a 
higher probability for a negative outcome. Adher- 
ence to proven treatment modalities, in conjunc- 
tion with risk analysis, will improve the prospects 
of treatment success. 


Pretreatment Considerations: 
Esthetic Risk Analysis 


Significant factors in pretreatment assessment of 
patients requiring implant-based treatment in the 
esthetic zone have been previously described (3). 
Pretreatment consideration must be given to the 
following factors: 


(a) the patient’s pretreatment expectations 
(b) the patient’s smoking habits 
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Figure 5.1 An occlusal view of a maxillary arch illustrates Figure 5.2 An anterior view of the maxillary arch demon- 
large bilateral horizontal tissue defects in the proposed im- strates the bilateral vertical tissue deficiencies in the pro- 
plant sites. posed implant sites. 


Figure 5.3 (a) An anterior profile underscores the disrupted occlusal and incisal planes, and their influence on appearance. 
(b) An anterior retracted view illustrates the disrupted incisal and anterior occlusal plane. (c) A lateral view demonstrates the 
disrupted occlusal plane and restricted interocclusal distance. 
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(c) the height of the lip line on smiling 

(d) the gingival biotype in the treatment area 

(e) the shape of the missing and surrounding 
teeth 

(f) the presence of infection at the implant site 

(g) the bone levels at the adjacent teeth 

(h) the restorative status of teeth adjacent to the 
edentulous space 

(i) the character of the edentulous space 

(j) the width of the hard and soft tissues in the 
edentulous space 

(k) the height of the hard and soft tissues in the 
edentulous space 


Patient Concerns, Motivation, 
and Attitudes 


Psychological and behavioral factors have signifi- 
cant implications when treating patients with ele- 
vated esthetic demands. Because the esthetic zone 
is dependent upon the individual patient’s per- 
ception, and is not limited to the visibility of the 
smile, it is imperative that the clinician ascertains 
the patient’s motivations and expectations prior to 
initiation of treatment. Attempts should be made 
to identify noncompliant patients with particular 
reference to treatment commitment, hygiene, and 
smoking (Figure 5.4). Where indicated, behavioral 
modification should be attempted. Patient’s with 
complex medical histories and/or physical disabil- 
ities are often less capable of satisfactory dental 
maintenance. 


Figure 5.4 Pretreatment oral hygiene and maintenance 
limitations are evident. 


Caution should be observed with patients for 
whom multiple treatment plans and procedures 
have been undertaken with limited patient satisfac- 
tion. Care should also be exercised when treatment 
is considered for patients for whom a tangible es- 
thetic complaint is difficult to identify. As implant 
therapy is often elective in nature, a risk benefit 
analysis from the perspective of the patient must 
be carried out prior to the initiation of advanced, 
complex, or esthetic treatment. 

Pretreatment evaluation of patients requiring 
tooth replacement in the esthetic zone should be 
comprehensive and holistic in nature. The impor- 
tance of esthetic factors has historically been linked 
to the patients’ sex, age, and personality. Success 
relies upon the timely and appropriate implementa- 
tion of each stage in the treatment process. A strong 
relationship exists between the quality of treatment 
outcome and the skill and experience of the clin- 
ician. Working as a team consisting of clinicians 
with advanced skill sets and experiences, should 
be considered mandatory for patients, in this treat- 
ment category. 


Basic Treatment Principles in the 
Esthetic Zone 


The incorporation of a “restorative-based,” 
“restoration-driven,” or “crown-down” approach is 
fundamental to planning implant-based rehabilita- 
tion in the esthetic zone. For patient’s with esthetic 
demands, diagnostic wax-ups aid in identifying the 
planned tooth form and position, and the shape 
and position of the planned gingival margin (Figure 
5.5). Augmentation and surgical templates, based 
on the diagnostic wax-up, can then be fabricated 
and used to indicate tissue deficiencies and com- 
municate the desired three-dimensional implant 
position (Figures 5.6-5.8a-c). 

Optimal esthetic outcomes can only be 
achieved within a solid foundation of bone and 
soft tissue (i.e., “pink” esthetics). Bone and soft 
tissue architectures should be clearly developed in 
response to the planned restoration and the pa- 
tient’s restorative demands. Site development pro- 
cedures, including socket preservation and provi- 
sional restorations, should be undertaken when 
indicated, subsequent to extraction and prior to 
implant placement. These measures enhance the 
prospects of optimal implant placement and can 


Figure 5.5 A diagnostic wax-up helps determine the de- 
sired shape of the proposed tooth and planned position of 
the free gingival margin. 


Figure 5.6 An augmentation template illustrates the three- 
dimensional form of the hard and soft tissue deficits. 


Figure 5.7 A sleeve template communicates the desired 
orofacial and mesiodistal positions and long-axis inclina- 
tions of the implants. 
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often reduce the need for more complicated en- 
hancement procedures (Figures 5.9 and 5.10). 

Site enhancement, prior to or in conjunc- 
tion with implant placement, can include hard 
and soft tissue augmentation. Adjunctive proce- 
dures, including root coverage, crown elongation 
surgery and orthodontics may also be indicated 
(Figure 5.11). Such treatments should be planned, 
sequenced, and provided in a controlled manner. 
The least benefit is derived when these procedures 
are undertaken subsequent to implant placement 
in response to esthetic and functional compli- 
cations. 

Implant therapy in the esthetic zone is con- 
sidered to be an advanced or complex procedure 
(4). As such, planning and treatment procedures 
should routinely address and adhere to the follow- 
ing concerns and principles: 


ray 


. Address the patient’s concerns. 

2. Identify patients with elevated risk through 
site analysis and a general patient assessment. 

3. Employ comprehensive,  interdisciplinary 
treatment planning. 

4. Consider all treatment options. 

5. Formulate a treatment chronology that will 
maximize benefits to the patient and mini- 
mize discomfort or inconvenience. 

6. Augment deficient soft and hard tissue re- 
gions prior to or concurrent with implant 
placement. 

7. Incorporate a restoration-based philosophy 
for implant placement. 

8. Utilize provisional restorations for tissue de- 
velopment and maturation, and as templates 
for the definitive restoration. 

9. Carry out adjunctive procedures on adjacent 
teeth when necessary. 

10. Utilize a team approach. 


Surgery associated with dental implants in the es- 
thetic zone cannot be limited to the placement of 
the implant. Surgical goals during implant place- 
ment procedures should include improvement of 
esthetic and functional outcomes through the re- 
establishment of optimal bone and soft tissue pro- 
files (Figures 5.12a-e). Deficiencies in either tissue 
type will compromise the esthetic outcome by posi- 
tioning the implant and/or the restoration in a dis- 
pleasing three-dimensional esthetic environment. 
Various treatments are available to address 
deficiencies and esthetic anomalies. These fall into 
two broad categories—those that directly influence 
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Figure 5.8 (a—c) A depth template communicates the proposed positions of the free gingival margins and desired positions 
of the implant restorative margins. 


Figure 5.9 Socket preservation or osseous grafting may Figure 5.10 Tissue form is developed by the ovate form of 
be carried out subsequent to tooth extraction and prior to the bonded provisional restoration. 
implant placement. 


Figure 5.11 A facial view of a patient undergoing orthodon- 
tics to optimize tooth position and inclination. 


the implant site and those that influence the adja- 
cent teeth and surrounding environment. 

Procedures designed to enhance the implant 
site include: 


1. socket preservation 
2. immediate and early implant placement with 
and without concurrent augmentation of hard 
and soft tissue defects 
. orthodontic tooth extrusion and 
4. hard and/or soft tissue ridge augmentation 
as a stand-alone procedure prior to implant 
placement 


ios) 


Procedures designed to enhance the three- 
dimensional esthetic condition of the adjacent teeth 
and oral environment include: 


1. orthodontics, with the establishment of ap- 
propriate tooth positioning to meet the es- 
thetic and functional needs of the patient 

2. crown-lengthening (or elongation) surgery to 
establish esthetic gingival contours and tooth 
proportions and 

3. root coverage surgery 


Implant Site 


Clinicians have several treatment options at the 
time of, and subsequent to, tooth extraction. 
With normal healing, the internal and external 
socket dimensions undergo significant resorption 
after tooth removal. The facial bony wall is of- 
ten thin to begin with in the anterior maxilla, 
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and the healing process reduces it further with 
time (5). Therefore, emphasis has been placed on 
the preservation of bone and soft tissues through 
the removal of teeth with a minimum of trauma 
(Figure 5.13). 

Dental implants predictably integrate when 
placed immediately into extraction wounds (Fig- 
ure 5.14). Unfortunately, successful integration of 
the implant alone is insufficient to ensure a fa- 
vorable outcome in the esthetic zone (4, 6, 7). 
The tissue response to immediate implant place- 
ment in the esthetic zone can be unpredictable and 
may result in apical migration of the free gingival 
margin. In an effort to further improve predictabil- 
ity, techniques such as orthodontic extrusion have 
been advocated as an alternative to extraction and 
augmentation. 

Hard and soft tissue ridge augmentation can 
successfully recapture tissue contours in implant 
sites in the esthetic zone. A variety of clinical tech- 
niques have been advocated. Successful hard tis- 
sue augmentation has been achieved with auto- 
genous grafts, mostly in conjunction with mem- 
branes (8, 9). Allografts and xenografts have also 
been successfully utilized for hard tissue aug- 
mentation, in conjunction with membranes and, 
where indicated, concurrent with implant place- 
ment (10-12). Soft tissue procedures designed to 
increase tissue bulk, improve resistance to reces- 
sion, and enhance color and contour may also be 
utilized (13). 


Adjacent Teeth and the Oral 
Environment 


Obtaining the desired esthetic outcome often in- 
volves the surrounding teeth and oral environment. 
Success requires adherence to general esthetic prin- 
ciples, such as the establishment of favorable gingi- 
val margin contours and tooth proportion. Crown- 
lengthening surgery is often required as an ad- 
junct to implant and tooth replacement. This pro- 
cedure helps ensure pleasing tooth contours and 
proportions, in addition to establishing desired 
gingival symmetry and form. Crown-lengthening 
surgery in the esthetic zone should only be under- 
taken subsequent to the determination of the future 
incisal edge position, tooth length, and gingival 
form. 
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(c) (d) 


Figure 5.12 (a) Following placement of a stable implant, a total facial surface dehiscence is noted. (b) The exposed facial 
surface of the implant is covered with autogenous bone collected during preparation of the implant osteotomy site, or 
harvested intraorally. (c) The autogenous bone is covered with an allograft to establish facial ridge contours. (d) A resorbable 
membrane is placed to protect the graft. (e) A view of wound closure. 


Figure 5.13 Minimally traumatic tooth extraction is carried 
out utilizing periotomes. 


Treatment Chronology for 
Modification of Adjacent Teeth 
and the Oral Environment 


1. Comprehensive patient assessment and diag- 
nosis 

2. Elimination of predisposing factors, oral dis- 
ease, and inflammation 

3. Development of a functional and esthetic 
diagnostic waxup with reference to incisal 
edge position, crown proportions, and gingi- 
val margin contours and position 

4. Fabrication of a surgical template illustrating 
the desired gingival contours 

5. Accurate measurement and recording of the 
biologic width for the treatment segment 

6. Surgical removal of the indicated amount of 
bone 


Figure 5.14 Immediate implant placement is accom- 
plished. 
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7. Implant placement can be performed simulta- 
neously if soft tissue contours subsequent to 
healing are considered predictable, or 

8. Implant placement can be deferred until heal- 
ing is complete, if any concern is evident with 
regard to tissue contours and healing 


Radicular Coverage 


Exposed root surfaces on teeth adjacent to pro- 
posed implant sites can represent considerable es- 
thetic challenges, and influence both gingival archi- 
tecture and tooth proportions. Surgical procedures 
designed to coronally reposition the soft tissues can 
significantly improve the esthetic outcome. Careful 
preoperative planning is critical to integrating root 
coverage procedures into comprehensive treatment 
involving implants in the esthetic zone. Root cov- 
erage procedures should be undertaken prior to im- 
plant placement. Once the surgical site has healed, 
and the gingival margin is stable, vertical implant 
position can be more accurately determined. The 
extent of root coverage obtained may set the refer- 
ence for the entire esthetic zone, with respect to the 
locations and contours of the free gingival margins. 

It is imperative to identify and correct the eti- 
ological factors in each instance of recession. Con- 
trolling inflammation is central to successful root 
coverage and long-term soft tissue stability (14). 
Optimizing mechanical plaque control capabilities 
through patient education and removal of predis- 
posing factors (e.g., overhangs and open margins) 
is mandatory. Orthodontic therapy may be indi- 
cated to improve tooth alignment, and to optimize 
tooth position within the alveolus. In cases of thin 
tissue biotypes, root coverage procedures should be 
chosen which provide increased tissue thickness. 
The choice of technique should be based upon the 
reproducibility of success associated with the tech- 
nique, and the practice environment and individual 
skills of the clinician. 


Treatment Procedures and 
Chronology for Radicular Coverage 
Procedures in Implant Patients 


e Record patient history and expectations 
e Perform thorough oral, periodontal, and es- 
thetic evaluation and examination 
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e Identify etiologies and classify the defect or 
defects 

e Address etiological factors 

e Ensure appropriate oral hygiene education and 
modify techniques when indicated 

e Perform a thorough prophylaxis and debride- 
ment to establish and maintain a stable peri- 
odontal condition 

e Restoratively address any predisposing condi- 
tions 

e Orthodontically optimize the three-dimen- 
sional positions of teeth 

e Select and execute root coverage procedures 


Conclusions 


Pretreatment risk analysis, along with careful as- 
sessment of treatment difficulty, will often iden- 
tify patients for whom esthetic treatment may be 
compromised. A team approach to assessment and 
planning is therefore critical to avoiding compro- 
mises. Excellent esthetic restorations supported by 
dental implants are in demand by dentists and pa- 
tients. Predictable implant-based esthetic treatment 
requires meticulous attention to detail in all phases 
of care. Clinicians should continue to seek educa- 
tion, experience, and skills as techniques and ma- 
terials continue to improve. 
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The posterior maxilla poses a significant challenge 
when planning implant reconstructive therapy. The 
multifactorial nature of the problems which must 
be appropriately addressed include the buccolin- 
gual and/or apicocrestal ridge resorption which oc- 
curs following tooth removal, pneumatization of 
the sinus following loss of the molar teeth, and the 
poorer quality (type IV) bone which is often en- 
countered in the posterior maxilla. However, it is 
imperative that the posterior maxilla is not visual- 
ized as a distinct entity during the diagnosis and 
treatment planning phase of therapy. A common 
sequella to the loss of posterior occlusion and the 
need to function exclusively in the anterior seg- 
ments of the dentition is the extensive wear of the 
remaining anterior teeth and/or anterior prosthe- 
ses. Such excessive function and resultant wear 
may lead to acceleration of periodontal breakdown 
around the remaining teeth, a loss of appropri- 
ate inter-arch space for reconstructive therapy, and 
the development of eccentric patterns of occlusion 
guided by the aforementioned wear facets which 
develop. 

As a result of these concerns, a thorough diag- 
nosis and formulation of a multidisciplinary treat- 
ment plan, aimed at reconstructing the posterior 
maxilla in concert with the necessary oral rehabili- 
tation, must be carried out prior to the initiation of 
therapy (1). The posterior maxilla must be seen as 
one component in a patient-specific overall treat- 
ment plan. Failure to consider all appropriate fac- 
tors when developing such a treatment plan will 
undoubtedly result in a compromised final treat- 
ment outcome. 

The need for an increased volume of bone 
in the edentulous posterior maxilla to appropri- 
ately effect implant placement and reconstruction 
has given rise to the sinus augmentation proce- 
dure. A variety of grafting materials and surgical 
approaches have been utilized to effect sinus aug- 
mentation. The report of the 1996 Sinus Consensus 
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Conference by the Academy of Osseointegration 
cited successful sinus augmentation results utiliz- 
ing autografts, allografts, xenografts, and combi- 
nations of the three in various forms (2). As stated 
in the conclusions of the conference report, “The 
Conference was unanimous in agreement that the 
sinus graft is an efficacious procedure to be used 
for implant supported restoration of the poste- 
rior maxilla.” These findings were confirmed by a 
later consensus conference on sinus grafting from 
the Academy of Osseointegration (3). However, as 
Tong et al. (4) reported in a review of literature 
documenting survival rates of implants placed in 
grafted maxillary sinuses, “Data examining short- 
term and long-term outcomes have been scarce and 
have been reported following a limited number of 
patients.” 

The utilization of osteotome techniques to ef- 
fect localized sinus floor elevation and augmenta- 
tion, either in anticipation of implant placement or 
in conjunction with implant placement, has been 
advocated by many practitioners. Initially proposed 
by Summers (5), this technique offers the advan- 
tages of a more conservative surgical entry, more 
localized augmentation of the sinus, a lesser de- 
gree of postoperative morbidity, and an ability to 
load the implants in a shorter time period than that 
necessary when employing a conventional LeForte 
osteotomy approach to sinus augmentation. While 
the osteotome technique has undergone a num- 
ber of modifications, a paucity of papers exist that 
document short- and long-term success rates in a 
significant number of cases. In addition, disagree- 
ments abound as to the indications and contraindi- 
cations for the osteotome technique in various clin- 
ical situations. 

The challenge facing today’s clinician is not 
the ability to utilize either conventional sinus aug- 
mentation therapy or the osteotome approach to 
sinus augmentation successfully. Rather, it is the 
development of a diagnostic system that allows the 
utilization of each therapeutic modality to its max- 
imum advantage. 


Contraindications to Sinus 
Augmentation Therapy 


Specific contraindications to sinus augmentation 
therapy exist, in addition to the general systemic 
and psychological contraindications to any type 


of surgical care. These concerns specific to sinus 
augmentation therapy include acute or chronic si- 
nus infections, and the presence of various sinus 
pathologies such as extensive polyps and uniden- 
tified masses. In addition, patients who smoke 
demonstrate a higher incidence of complications 
and a lesser degree of regeneration in augmented 
sinus areas than nonsmoking patients treated by 
similar means. A smoking habit in excess of 10 
cigarettes per day should be considered a relative 
contraindication to sinus augmentation therapy. A 
smoking habit of any type, if it leads to continued 
tissue inflammation or a significantly suppressed 
healing response following surgical therapy, is a 
contraindication to any augmentation therapy. 


Definitions of Success 


The success of sinus augmentation therapy should 
not be viewed as a radiographic occurrence. The 
ability to effect bone augmentation in the sinus 
area with the resultant radiopacity is not a treat- 
ment end point in and of itself. Rather, successful 
sinus augmentation therapy must meet three spe- 
cific criteria: 


e The ability to place implants of ideal diame- 
ter, and overall dimension, to withstand func- 
tional forces over time in a given clinical situ- 
ation, in prosthetically driven positions. 

The ability to afford adequate bone for place- 
ment of an implant of the desired dimensions, 
and subsequent restoration in a manner which 
fulfills the esthetic demands of the patient. 
Stability of regenerated bone in the augmented 
sinus area around implants, under function 
over time. 


Prior to initiating augmentation of the posterior 
maxilla through sinus and/or ridge augmentation 
therapy, a number of diagnostic and treatment 
planning steps must be carried out. These neces- 
sary steps and their importance, if comprehensive 
care is to be appropriately delivered, have been 
discussed in Chapter 2. 

Formatted CAT scan studies also afford un- 
paralleled visualization of the precise morphol- 
ogy of the sinus, and the presence or absence of 
pathologies and/or septa, and are a significant aid 


to the clinician as he or she performs the planned 
augmentation therapy. 


Buccolingual/Palatal Augmentation 


As discussed in Chapter 2 (6-10), the ability to 
predictably effect buccopalatal or apicocrestal aug- 
mentation of an atrophic alveolar ridge through the 
use of a variety of appropriately employed auto- 
genous or nonautogenous materials under fixated 
titanium-reinforced membranes, if soft tissue pri- 
mary closure is maintained throughout the course 
of regeneration, is well established. Maximization 
of regenerative results when performing buccal 
and palatal ridge augmentation procedures is de- 
pendent upon adequate flap design and reflection; 
defect debridement; defect decortication where ap- 
plicable; fixation of a titanium-reinforced space 
maintaining membrane; placement of materials be- 
neath the membrane to effect clot stabilization; 
control of overlying forces during regeneration; 
and maintenance of primary closure throughout the 
course of regeneration. Such augmentation, in con- 
junction with sinus augmentations, is often critical 
to maximization of treatment outcomes. 


Sinus Augmentation 


Augmentation of the remaining alveolar bone cre- 
stal to the floor of the sinus may be accomplished 
through a variety of approaches including: 


(a) Lateral window sinus augmentation therapy. 

(b) Crestal window sinus augmentation therapy. 

(c) Lateral window sinus augmentation therapy 
with concomitant implant placement. 

(d) The Summers bone-added osteotome tech- 
nique. 

(e) The Summers bone-added osteotome tech- 
nique with simultaneous implant placement. 

(f) The trephine and osteotome technique. 

(g) The trephine and osteotome technique with 
simultaneous implant placement. 


When choosing a specific treatment modality in a 
given situation, it is imperative that the clinician 
recognizes the indications, contraindications, limi- 
tations, and predictability of the technique in ques- 
tion. 
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LATERAL WINDOW SINUS 
AUGMENTATION THERAPY 


A horizontal incision is made approximately 
1-2 mm palatal to the palatal line angle of the resid- 
ual alveolar ridge (Figure 6.1). Care must be taken 
to extend this incision mesially and distally at least 
8-10 mm beyond the area of planned augmenta- 
tion therapy. Buccal vertical releasing incisions are 
placed at the mesial and distal extents of the hor- 
izontal incision. Horizontal releasing incisions are 
placed at the most apical extents of the vertical re- 
leasing incisions. A mucoperiosteal flap is reflected 
toward the buccal in a full-thickness manner (Fig- 
ure 6.2). Full-thickness flap reflection is carried 
out through the area of the horizontal releasing 
incisions. No periosteal fenestrations are utilized. 
The mucoperiosteal flap must be reflected apically 
at least 8-10 mm beyond the area of the planned 
osteotomy. 


Figure 6.1 A horizontal incision is made palatal to the 
palatal line angle of the edentulous ridge. 
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Figure 6.2 A full-thickness buccal mucoperiosteal flap is 
reflected. 


An osteotomy is prepared in the lateral aspect 
of the buccal alveolus in one of two ways: 

Handpiece and bur utilization: A straight 
handpiece is employed, at a speed of 25,000-50,000 
RPM, depending upon the quality and thickness 
of the residual buccal alveolar ridge. A number 
8 or 10 round diamond bur is utilized to outline 
the complete extent of the osteotomy (Figure 6.3). 
The diameter of the bur is such that an “island” 
of bone will remain after the osteotomy has been 
completed. A carbide bur is only utilized in the 
presence of denser buccal alveolar bone. The os- 
teotomy is deepened with the number 10 round bur 
in smooth, sweeping motions. Care must be taken 
not to utilize a sawing or pushing motion with the 
bur. These sweeping motions should extend along 
the complete border of the osteotomy. When con- 
necting the apical and crestal borders of the os- 
teotomy with the mesial and distal borders of the 


Figure 6.3 A number 8 or 10 round diamond bur on a 
straight handpiece is utilized to outline the osteotomy win- 
dow. A carbide bur is only employed in instances in excep- 
tionally dense bone. The complete window is outlined with 
the number 8 or 10 round bur until the gray membrane may 
be seen beneath the prepared osteotomy. 


osteotomy, a fluid motion must be employed as the 
bur comes around the “corner” from one side of the 
osteotomy to the other. Failure to do so will result 
in a jagged osteotomy edge and increase the inci- 
dence of membrane perforation during osteotomy 
preparation and subsequent membrane reflection. 
The osteotomy is deepened with the number 8 or 
10 round bur until the bone is thin and translucent 
enough to visualize the gray membrane beneath it 
on all aspects of the osteotomy, including its cor- 
ners. 

A number 4 round diamond bur is inserted 
into the handpiece and utilized to complete the 
osteotomy (Figures 6.4 and 6.5). The utilization 
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Figure 6.4 A number 4 round diamond bur on a straight 
handpiece is utilized to complete the osteotomy. 


of this smaller bur as the sinus membrane is ap- 
proached offers a number of advantages. Visual- 
ization is vastly improved through the creation of 
a broader channel, especially in situations where a 
thicker buccal alveolar wall is present. This chan- 
nel also allows easy egress of the irrigating solution 
while the handpiece is running, once again signif- 
icantly improving visualization and lessening the 
chance of sinus perforation during window prepa- 
ration. 

The island of detached bone is used to fa- 
cilitate initial membrane reflection. Initial blunt 
dissection and constant awareness of the need 
for three-dimensional membrane reflection signif- 
icantly decrease the incidence of membrane tears 
during reflection. 

While it is tempting to immediately insert a 
curette between the detached bony window created 


Figure 6.5 A view of both the initial osteotomy prepared 
with the number 8 or 10 round diamond bur and the sec- 
ondary osteotomy prepared with the number 4 round dia- 
mond bur. 


by the osteotomy and the alveolus to begin sinus 
reflection, such an approach is ill advised. Forc- 
ing a sharp curette into this space will increase the 
incidence of membrane perforation. The following 
steps are taken to help minimize such a complica- 
tion. 

An amalgam plugger is utilized with gentle 
pressure to implode the detached bony window 
approximately 2 mm. Such movement detaches ap- 
proximately 1 mm of the sinus membrane from 
the overlying alveolar bone. A flat, dull plastic in- 
strument is now inserted into this created small 
space. The backside of the plastic instrument rests 
against the slightly detached osteotomy window, 
lifting the bony island and opening the space which 
has been created by the initial window implosion. 
The plastic instrument is carried approximately 
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2-3 mm mesially, distally, and medially, effecting 
detachment of a portion of the sinus membrane 
from the alveolar bone. The amalgam plugger is 
once again utilized to implode the bony window 
approximately 3-4 mm, causing further detach- 
ment of the sinus membrane from the overlying 
alveolar bone. The plastic instrument is reinserted 
in the manner previously described, approximately 
3-4 mm medially. The plastic instrument is brought 
mesially and distally until it reaches the “line an- 
gles” of the osteotomy. 

The sinus membrane is now sufficiently de- 
tached to allow the passive insertion of a curette 
into the created space (Figure 6.6). As the back- 


Figure 6.6 As a sinus curette is inserted into the already 
created space, the backside of the curette lifts the detached 
osteotomy window and the attached membrane, allowing 
passive insertion of the curette between the membrane and 
the residual lateral wall of the alveolus. The detached os- 
teotomy window and membrane are elevated to the desired 
position. 


side of the curette contacts the detached bony win- 
dow, the resultant displacement of the bony win- 
dow lifts the already detached portion of the sinus 
membrane, creating a space for the safe, passive 
insertion of the sinus curette. The curette is now 
carried mesially, distally, and medially, to effect 
further detachment of the sinus membrane from 
the alveolar bone. Care must be taken to perform a 
three-dimensional membrane reflection. All move- 
ments mesially and/or distally must correspond to 
a medial movement. Failure to perform a three- 
dimensional sinus membrane reflection will result 
in an increased incidence of sinus membrane per- 
foration. 

The bony window is always wholly detached 
from the buccal alveolar bone. Such an approach 
offers a number of advantages over other tech- 
niques, including detachment of three sides of the 
bony window, perforation of the most apical aspect 
of the bony window, and reflection of the bony 
window in a “trap door” manner. This trap door 
approach is never utilized. 

Detachment of the bony window offers three 
distinct advantages over other approaches: 


e The less easily controlled technique of green 
stick fracturing of the window inward, and 
thus increasing the chances of sinus perfora- 
tion, is avoided. 

The bony window offers a purchase from 
which to initiate minimally traumatic sinus 
membrane reflection. 

Failure to detach the bony window from the 
buccal alveolar wall limits the extent of si- 
nus reflection which may be performed api- 
cally. By detaching the bony window, the si- 
nus membrane and the attached window may 
be positioned as far apically as needed in a 
given situation. 


Sinus membrane perforations during sinus aug- 
mentation therapy most commonly occur due to 
one or more of four technical errors: 


e Inappropriate initial osteotomy preparation: 
Movement of the bur in a sawing, jagged mo- 
tion, pressure on the bur resulting in penetra- 
tion of the alveolus through the sinus mem- 
brane at a given point, or failure to change to 
a smaller bur as the sinus membrane is ap- 
proached will all increase the risk of mem- 
brane perforation. 


e Overly aggressive initial implosion of the si- 
nus window to ensure its detachment from the 
buccal alveolar bone increases the chances of 
membrane perforation at the crestal aspect of 
the osteotomy. 

Overly aggressive insertion of a sinus curette 
in the initial phases of membrane reflection 
will lead to membrane tears at the point of 
insertion. 

Failure to perform a three-dimensional sinus 
membrane reflection in the mid to later stages 
of sinus membrane displacement often results 
in membrane tears at the most mesial and cre- 
stal aspects of the osteotomy. 


When performed appropriately, the net effect of 
the aforementioned therapy is safe, predictable re- 
flection of the detached bony window and sinus 
membrane in a contiguous unit, thus affording ac- 
cess for placement of the appropriate regenerative 
materials (Figures 6.7 and 6.8). 

Piezosurgery Utilization: While many prac- 
titioners still employ handpieces and burs as de- 
scribed above to prepare the initial osteotomy in 
the lateral wall of the alveolus, the use of piezo- 
surgery in place of burs offers a number of advan- 
tages. These advantages include: 


e Greater tactile feedback as opposed to utilizing 
a handpiece with burs. 

e Greater control of bone preparation than with 
burs. 

e The lesser chance of soft tissue perforation uti- 
lizing piezosurgery as compared to a bur tech- 
nique (11). 

e A more superior osseous response, including 
a lesser degree of necrosis and decreased mor- 
bidity, than when a bur is employed (12). 


The piezosurgery tip is not utilized to denude the 
membrane in the area of planned reflection, as 
has been proposed by other authors (11). Rather, 
piezosurgery is employed to prepare an osteotomy 
of the same shape as that prepared when utilizing 
rotary burs. An OP3 tip is first utilized to outline 
the osteotomy window and begin to thin the bone, 
much as the large diameter diamond bur was pre- 
viously employed. Once the graying membrane is 
visible along the complete course of the outlined 
osteotomy, an OT1 tip is employed to complete the 
osteotomy window. Its use is analogous to that of 
the smaller diameter diamond bur. The initial re- 
flection, achieved by applying some pressure to the 
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Figure 6.7 A lateral view of the elevated membrane and 
attached osteotomy window. 


Figure 6.8 A buccal view of the elevated membrane and 
attached osteotomy window. 


150 Augmentation of the Posterior Maxilla 


osteotomy window, is carried out utilizing the EL1 
insert. In this way, the aforementioned advantages 
of a detached bony window are preserved. 

The created subantral space is filled with the 
appropriate graft materials (Figure 6.9). If a partic- 
ular graft material is utilized, care must be taken 
to fill the anterior portion of the subantral space 
first. If this is not done, and the medial, mesial, 
and distal aspects of the subantral space are filled 
with graft material prior to ensuring complete fill 
of the anterior portion of the subantral space, the 
clinician will find access to the anterior portion of 
the subantral space impeded. The net result will be 
insufficient augmentation of the anterior portion of 
the created subantral space. 

When a bone paste is to be utilized in con- 
junction with bone putty, the paste is first in- 
jected into the created subantral space, ensuring 
that it reaches the anterior, medial, and posterior 
portions of the created subantral space. The bone 
putty is then inserted into the subantral space. The 


Figure 6.9 The created subantral space is filled with graft 
material. 


Figure 6.10 A membrane can be placed over the os- 
teotomy window and secured with fixation tacks. The buc- 
cal mucoperiosteal flap is replaced and sutured with inter- 
rupted sutures. The need or lack of need for a covering 
membrane over the osteotomy window is discussed in de- 
tail in this chapter. 


bone paste flows around the bone putty, and ex- 
trudes through the prepared osteotomy window. 
The question of whether or not to place a mem- 
brane over the osteotomy window will be discussed 
subsequently. 

If concomitant ridge augmentation therapy is 
not to be carried out, the mucoperiosteal flap is 
replaced and sutured with interrupted 4-0 plain gut 
sutures (Figure 6.10). 


CRESTAL WINDOW SINUS 
AUGMENTATION THERAPY 


Originally employed when the floor of the sinus ap- 
proached within 2 mm of the crest of the ridge, the 
primary advantage to crestal sinus augmentation 
therapy is the relative ease of window preparation 


and reflection when compared to lateral sinus aug- 
mentation therapy. A horizontal incision is made 
approximately 5 mm apical to the palatal line an- 
gle of the alveolar crest. Vertical releasing incisions 
with horizontal extensions and full-thickness flap 
reflection are carried out as previously described. 
Osteotomy preparation and membrane reflection 
are identical to the techniques employed when per- 
forming a lateral window sinus augmentation ap- 
proach. 

Although crestal approach sinus augmenta- 
tion therapy offers the advantage of a greater ease 
of technical manipulation, there are potentially sig- 
nificant compromises which result from utilization 
of such a treatment modality. Unless the resid- 
ual alveolar ridge demonstrates sufficient thickness 
buccopalatally to allow window preparation to oc- 
cur wholly within the crest of the ridge and not ap- 
proach closer than 2 mm from the buccal line angle 
of the alveolar ridge, utilization of a crestal window 
approach will compromise the buccal line angle of 
the ridge, and thus negatively impact both the buc- 
cal positioning of the planned implants, and the 
final esthetic treatment outcome. As a result, cre- 
stal window sinus augmentation therapy is rarely 
utilized. 


LATERAL WINDOW SINUS 
AUGMENTATION THERAPY WITH 
CONCOMITANT IMPLANT PLACEMENT 


Incision design, flap reflection, and membrane re- 
flection are identical to those previously described 
for lateral window sinus augmentation therapy. 
Figure 6.11 demonstrates the initial stages of os- 
teotomy preparation. The gray color of the underly- 
ing sinus membrane may be visualized through the 
thinned buccal alveolar wall. A 4-mm-wide round 
diamond bur is now utilized to complete osteotomy 
preparation. Following appropriate membrane re- 
flection, the osteotomy site for the planned implant 
is prepared. Whether the clinician chooses to pre- 
pare this site utilizing a bur or an osteotome, a sinus 
curette must always be inserted into the prepared 
subantral space (Figure 6.12), in order that the bur 
or osteotome penetrating the residual alveolar bone 
crestal to the floor of the sinus encounters the sinus 
curette, rather than impacting and possibly tearing 
the reflected sinus membrane. In the view shown, 
two implants have been placed anterior to the si- 
nus region, and an osteotomy has been prepared 
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Figure 6.11 A view of an osteotomy window prepared with 
a number 8 round diamond bur to a depth sufficient for 
visualization of the gray membrane beneath the remaining 
alveolar bone. 


for placement of an implant in conjunction with 
sinus augmentation therapy. 

When an implant is to be placed at the time 
of sinus augmentation therapy, an undersized os- 
teotomy is always prepared. For example, if a wide- 
bodied Straumann implant is to be placed, a con- 
ventional osteotomy site would be prepared to a 
4.2-mm diameter, after sequential use of 2.0-, 2.2-, 
3.5-, and 4.2-mm-wide osteotomes. Such a site 
would only be prepared to a diameter of 3.5 mm 


— 


Figure 6.12 Following membrane reflection and partial fill- 
ing of the subantral space with graft material, a curette 
is inserted into the created subantral space to protect the 
reflected membrane and window as an osteotomy site is 
prepared in anticipation of implant placement. 
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if an implant is to be placed at the time of sinus 
augmentation therapy. Precise techniques utilized 
for such preparation and implant insertion will be 
subsequently detailed. Whenever possible, the os- 
teotomy site is prepared utilizing osteotomes rather 
than burs. This approach offers the advantages of 
both greater control during site preparation, and 
the compacting of bone lateral to the osteotomy 
site and thus to the inserted implant. 

If an implant is to be placed at the time 
of sinus augmentation therapy, the sequencing of 
placement of particulate graft material is as follows: 


e The anterior (mesial) aspect of the created 
subantral space is filled with graft material. 

e The medial and distal aspects of the created 
subantral space are filled with graft material. 

e The implant is inserted utilizing a handpiece 
held insertion device at 30 RPMs. Implants are 
never inserted with manual torque devices. It 
is impossible to control the lateral forces gen- 
erated with the use of a torque wrench to in- 
sert implants as precisely as when a handpiece 
is utilized for implant insertion. 

e The residual subantral space is “back filled” 
with graft material. 


If a combination of bone paste and bone putty is to 
be employed to effect sinus augmentation therapy, 
the bone paste is inserted into the created sub- 
antral space, ensuring that it reaches the mesial, 
medial, and distal aspects of the created subantral 
space. An adequate amount of bone putty is then 
inserted to fill the subantral space in all of the 
areas except where the implant or implants will 
reside. The implant or implants are inserted. The 
subantral space is “back filled” with bone putty 
until the residual subantral space is completely 
filled. 

The decision as to whether or not to place 
an implant at the time of sinus augmentation ther- 
apy has traditionally rested on the radiographic ev- 
idence of “available bone,” defined as the height of 
the alveolar bone crestal to the sinus floor. Unfortu- 
nately, an assessment of the available bone is usu- 
ally carried out through examination of periapical 
and panoramic radiographs. Such a diagnostic tool 
is inadequate, as it does not take into account the 
buccopalatal slope of the residual alveolar crest, or 
the morphology of the “underside” of the alveolar 
crest. 

The implant supporting capabilities of a 
severely sloped alveolar ridge which presents with 


5 mm of bone crestal to the sinus floor at the mid- 
crestal point is significantly less than that of an 
alveolar crest with a mid-crestal height of 5 mm of 
bone crestal to the sinus floor, which does not slope 
as it proceeds buccally or palatally. While a truer 
picture of residual ridge morphology is attainable 
with various three-dimensional scans, assessment 
at the time of clinical entry is indispensable to the 
decision-making process. The ramifications of this 
consideration will become obvious during develop- 
ment of a treatment decision tree for reconstruction 
of this region. 

Assessment of the radiograph in Figure 6.13, 
taken at the time of treatment in 1989, led to the 
decision to perform sinus augmentation therapy in 
the maxillary right posterior region, and place a 
single implant at the time of augmentation ther- 
apy. This decision was based upon the perceived 
alveolar bone crestal to the floor of the sinus in 
the first bicuspid region. As will be discussed, such 
a diagnostic system is inadequate with regard to 
formulating an appropriate treatment plan. 

Subsequent to healing (Figure 6.14), signifi- 
cant bone regeneration is noted both around the 
19-mm-long titanium plasma-sprayed IMZ implant 
which had been placed, and in the area of planned 
implant placement in the region of the first molar. 
A 19-mm-long implant was placed due to crown 
implant ratio concerns. The need or lack of need 
for implants of such dimension will be discussed 
in Chapter 7. 


Figure 6.13 The patient presents with significant sinus 
pneumatization in his maxillary right posterior region. Sinus 
augmentation will be performed with simultaneous implant 
placement in the position of tooth number 4. The criteria 
utilized to determine the ability to simultaneously place an 
implant when performing sinus augmentation therapy have 
been modified and further developed since the time the 
patient was treated. 


Figure 6.14 A radiograph taken eight months after sinus 
augmentation therapy and placement of a 19-mm-long im- 
plant demonstrates significant bone regeneration in the cre- 
ated subantral space. 


When a patient presents with minimal resid- 
ual bone crestal to the floor of the sinus (Figure 
6.15), sinus augmentation therapy should be per- 
formed without simultaneous implant placement. 
The results are highly predictable, leading to gen- 
eration of more than adequate bone for the place- 
ment of implants of sufficient dimensions to with- 
stand functional forces over time (Figure 6.16). 

It is not necessary to completely obliterate the 
sinus to effect implant placement. Before and after 
CAT scans (Figures 6.17 and 6.18) demonstrate re- 
generation of more than adequate bone to effect 
implant placement in the augmented sinus areas of 
a 36-year-old woman treated in 1990. Sixteen years 
postregenerative therapy and implant insertion, the 
implants are stable under function and there is no 
evidence of peri-implant bone loss. 

Numerous authors have demonstrated the ef- 
ficacy of sinus augmentation therapy, utilizing a 
variety of autogenous and nonautogenous graft 


Figure 6.15 The patient presents with severe sinus 
pneumatization in the maxillary left posterior region. 
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Figure 6.16 Eight months after sinus augmentation ther- 
apy utilizing Bio-Oss graft material, radiographic evidence 
of significant bone regeneration is noted in the created sub- 
antral space. 


materials, with and without simultaneous implant 
placement. A recent paper documents the results 
of 1,633 implants placed in 814 augmented sinuses 
in two private practices, in function for up to 180 
months (13). A variety of allografts and xenografts 
were employed as graft materials. The definition of 


Figure 6.17 A CAT scan was taken prior to bilateral sinus 
augmentation therapy. 
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Figure 6.18 A CAT scan was taken eight months after sinus 
augmentation therapy was carried out utilizing Augmen (tri- 
calcium phosphate). Note the failure to fill the most anterior 
portions of the maxillary sinuses. 


success was the ability to insert implants of at least 
10 mm in length, which were wholly ensconced in 
native and regenerated bone in the augmented si- 
nus areas. Utilizing this criterion, 608 or 614 sinus 
augmentation procedures were deemed successful, 
yielding a success rate of 99.0%. 

Of greater importance is the success of the 
1,633 implants placed in these augmented sinuses, 
in function over time. The mean time in function 
was 69.1 months. The success of the implants was 
judged via the criteria of Albrektsson et al., includ- 
ing sequential radiographs. The overall cumulative 
success rate of implants in function for up to 180 
months was 98.1%. The breakdown of the aug- 
mentation procedures by approach and by materi- 
als may be seen in Tables 6.1 and 6.2. 

Ridge augmentation therapy may be per- 
formed in conjunction with a sinus augmentation 
procedure. 


Table 6.1 Sinus augmentation procedures performed by 
technical approach. 


Number of 
Clinical Number of procedures Percent 
approach procedures successful successful 
Lateral 393 357 98.5 
Crestal 28 28 100 
Lateral approach 393 378 99.5 


with simultaneous 
implant placement 


Total 814 808 99.0 


In the aforementioned study, 64 cases were 
treated with simultaneous sinus and buccolingual 
ridge augmentation procedures. One hundred and 
twenty-seven implants were placed in these 64 
augmented areas. All implants were functioning 
successfully at the time of data compilation for 
publication. 

Figures 6.19-6.21 demonstrate such an ap- 
proach. A 41-year-old female had been missing 
teeth in her maxillary right posterior sextant for 
approximately 20 years. Both the atrophic nature 
of the ridge and the pneumatized sinus are evident 
radiographically. 

Flap reflection revealed a ridge of inadequate 
dimension for implant placement in the appropriate 


Table 6.2 Procedures performed by augmentation 
materials utilized. 


Number of 
Material Number of procedures Percent 
utilized procedures successful successful 
DFDBA/TCP 105 102 97.1 
FDBA/TCP 13 13 100 
DFDBA/FDBA 11 10 90.9 
OGN/FDBA 40 39 97.5 
Bio-Oss 370 368 99.5 
Bio-Oss/DFDBA 208 208 100 
Regenaform/ 69 68 98.6 
Regenafill 


Bio-Oss, bovine bone matrix; DFDBA, demineralized freeze-dried 
bone allograft; OGN, osteogen; TCP, tri-calcium phosphate; 
Regenaform, DFDBA putty with cortical chips; Regenafill, 
DFDBA paste. 
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Figure 6.19 A clinical view of the atrophic residual edentu- 
lous ridge in the maxillary right posterior region. 


positions. Particulate tri-calcium phosphate 
(Augmen) graft material was placed and covered 
with a laminar bone sheet. Neither titanium- 
reinforced Gore-Tex membranes nor fixation tacks 
were commercially available at the time the patient 
was treated. 

The eight-month clinical reentry demon- 
strated marked buccal bone regeneration. Sinus 
augmentation had been effected, affording more 
than adequate bone for implant placement in ideal 
positions. 


Membrane Placement 
Disagreement exists in the literature regarding the 
need to place a membrane over the prepared 
osteotomy window following sinus augmentation 
therapy. While many authors have demonstrated 
successful treatment outcomes without the use of 
membrane over the prepared osteotomy (2, 3, 13, 
14), Wallace et al. (15) have reported superior his- 
tologic and clinical results when a membrane was 
placed over the osteotomy window, as compared 
to sites where no membranes were employed. 

In the study under discussion (14), 66 sites 
were treated with simultaneous sinus and buc- 
cal ridge augmentation. All of these sites required 


Figure 6.20 Flap reflection demonstrates inadequate buc- 
colingual dimension of residual alveolar ridge for appropri- 
ate implant placement. 


Figure 6.21 Nine months following simultaneous sinus 
augmentation with Augmen and guided bone regenerative 
therapy utilizing Augmen beneath a laminar bone sheet, 
marked buccal augmentation of the atrophic ridge is noted. 


titanium-reinforced membrane placement to effect 
such regeneration. Exclusion of these sites from the 
data leaves 748 augmented sinus areas. Of these 
sites, 363 had resorbable membranes placed over 
the osteotomy windows at the time of sinus aug- 
mentation therapy. Five of these sinus augmenta- 
tion procedures were classified as failures by the 
previously described criteria (1.4%). Three hun- 
dred and eighty-five sinuses were augmented with- 
out membranes being placed over the osteotomy 
windows. Three of these sites were classified as 
failures according to previously described criteria 
(0.78%). The difference between the two groups is 
not statistically significant. 

The contention that a greater volume and 
quality of bone is regenerated in augmented si- 
nuses, when membranes are placed over the win- 
dows, would also seem to have no clinical rele- 
vance in this study. Assessment of implant success 
rates over time, as defined by the criteria of Al- 
brektsson et al. (16), demonstrates a cumulative 
implant success rate of 98.08% in the sites where 
membranes were placed over the sinus windows, 
and 98.11% where membranes where not placed 
over the sinus windows. It was necessary to com- 
pute the data to the second decimal point to see any 
difference between the two groups. This difference 
is not statistically significant. 

There does not seem to be any advantage 
to membrane placement over prepared osteotomy 
windows at the time of sinus augmentation ther- 
apy unless concomitant ridge augmentation is per- 
formed, with regard to long-term implant success 
under function. 

This data, obtained from two private prac- 
tices, offers no support for the concept that mem- 
brane placement over the osteotomy window 
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enhances sinus augmentation treatment outcomes. 
While there are no clinical disadvantages to place- 
ment of a membrane, it is difficult to justify the 
added expense to the patient of such membrane 
placement if no tangible clinical benefits result. 


Graft Material Selection 
Any graft material chosen for use in sinus aug- 
mentation therapy must meet certain criteria. The 
graft material must elicit no unfavorable host re- 
sponses, must be easy to utilize, and must resorb 
predictably. Ideally, the graft material would also 
demonstrate a consistent level of osteoinductive ca- 
pability. 

There is no doubt that autogenous bone meets 
all of these criteria. As previously discussed in 
Chapter 2, the only disadvantage to autogenous 


bone is the need to procure graft material from a 
second surgical site, thus increasing the length of 
the surgical procedure, and resulting in a signifi- 
cant increase in postoperative morbidity. 

The aforementioned paper documented the 
use of particulate demineralized freeze-dried bone 
allograft with tri-calcium phosphate; freeze-dried 
bone allograft mixed with tri-calcium phosphate; 
demineralized freeze-dried bone allograft mixed 
with freeze-dried bone allograft; osteogen mixed 
with freeze-dried bone allograft; Bio-Oss (bovine 
bone matrix); Bio-Oss mixed with demineralized 
freeze-dried bone allograft; and Regenaform (dem- 
ineralized bone matrix block with cortical chips) 
mixed with Regenafill (demineralized bone matrix 
paste). The advantages and disadvantages of each 
are summarized in Table 6.3. 


Table 6.3 Advantages and disadvantages of various graft materials. 


Graft material Advantages 


Disadvantages 


e Osteoinductive capabilities 
e Speed of regeneration 


Autogenous bone 
Tri-calcium phosphate e Ease of use 


FDBA/tri-calcium e Ease of use 


e Need to prepare the graft from a second 
surgical site 


e Unpredictable resorptive pattern 
e No predictable osteoinductive capability 


e Unpredictable resorptive pattern 

e No predictable osteoinductive capability 

e Greater cost than tri-calcium phosphate 
alone 


e No predictable osteoinductive capability 

e Regenerated bone at eight months was 
softer than that following use of other graft 
materials 


phosphate 
DFDBA/FDBA e Ease of use 

e Theoretical osteoinductive capability 
DFDBA/Osteogen e Denser regenerated bone at the eight-month 

surgical reentry than DFDBA/FDBA mix 

Bio-Oss e Ease of use 

e Predictable resorptive patterns 
FDBA/Bio-Oss e None over Bio-Oss use alone 
Regenaform/Regenafill e Ease of use 


e Superior handling characteristics in the 
presence of a sinus membrane tear 
e Predictable osteoinductive capability 


e No predictable osteoinductive capability 
e Unpredictable resorptive patterns 


e No osteoinductive capability 
e May take longer than 12 months to resorb if 
inserted inappropriately 


e Softer regenerated bone at eight-month 
reentry as compared to Bio-Oss alone 


e More expensive than some other graft ma- 
terials 


DFDBA, demineralized freeze-dried bone allograft; Bio-Oss, BioGuide. 


Tri-calcium phosphate use was discontinued 
due to the unpredictability of its resorptive pat- 
terns. Two patients had sinus augmentation ther- 
apy performed and moved out of the area for two 
and five years, respectively. When each patient re- 
turned and underwent implant placement in the 
augmented sinus areas, residual particles of tri- 
calcium phosphate were still evident. 

In each of the few cases treated with a mix- 
ture of particulate demineralized freeze-dried bone 
allograft and particulate freeze-dried bone allograft, 
surgical reentry eight months post-augmentation 
therapy demonstrated regenerated bone of a soft, 
pliable consistency which was deemed inferior to 
that obtained with other graft materials, with re- 
gard to implant stabilization. 

Particulate freeze-dried bone allograft mixed 
with Osteogen, while resulting in adequate regener- 
ated hard tissue for appropriate implant stabiliza- 
tion eight months post-sinus augmentation ther- 
apy, often demonstrated residual Osteogen parti- 
cles at that time. 

Bio-Oss was employed in the greatest num- 
ber of augmented sinuses. Treatment consistently 
resulted in generation of more than adequate hard 
tissue for implant placement and stabilization at 
the six-month surgical reentry visit. 

Utilization of Bio-Oss grafts in over 3,000 
guided bone regeneration and sinus augmentation 
sites has resulted in less than 20 sites demon- 
strated significant residual bone particles eight 
months postregenerative therapy, as was discussed 
in Chapter 2. 

Published data document histologic results 
following the use of Bio-Oss grafts to effect sinus 
augmentation therapy, or the need for resorbable 
or nonresorbable membranes in fresh extraction 
sockets (17, 18). Both the augmented sinus areas 
(31 sites) and the augmented extraction socket de- 
fects (59 sites) utilized Bio-Oss alone as the graft 


Table 6.4 Biopsy timing following Bio-Oss use. 
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Figure 6.22 A histologic specimen taken four months fol- 
lowing sinus augmentation therapy with Bio-Oss. Note the 
retained Bio-Oss particles and the viable regenerating bone 
surrounding the particles. 


material. While resorbable or nonresorbable mem- 
branes were placed over the extraction socket de- 
fects following graft insertion, no membranes were 
placed over the prepared osteotomies at the time 
of sinus augmentation therapy. Core biopsies were 
taken at various intervals between 3 and 12 months 
in the 90 grafted sites. The distribution and timing 
of the biopsies are listed in Table 6.4. 

As expected, biopsies taken at 3-4 months 
and 5-6 months demonstrated a preponderance of 
Bio-Oss particles with viable regenerated bone sur- 
rounding them (Figure 6.22). 

Biopsies taken at the 8- to 9-month inter- 
val demonstrated extensive regenerated bone and 
some residual Bio-Oss particles (Figure 6.23). 

The 12- to 13-month biopsies demonstrated 
almost complete resorption of Bio-Oss graft mate- 
rial and extensive bone regeneration. The average 
compositions of the biopsies at the various time in- 
tervals may be seen in Table 6.5 (Figures 6.24 and 
6.25). 


3- to 4-month 5- to 6-month 8- to 9-month 12- to 13-month 
Therapy biopsy biopsy biopsy biopsy Total 
Sinus augmentation 3 9 14 5 31 
Extraction socket/ 6 40 6 7 59 
ridge augmentation 
Total 9 49 20 12 90 
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Figure 6.23 A histologic specimen taken eight months fol- 
lowing sinus augmentation therapy with Bio-Oss. Note the 
extensive bone regeneration and the isolated residual Bio- 
Oss particle. 


Bio-Oss graft material has proven highly pre- 
dictable in the treatment of various alveolar ridge 
defects and to effect sinus augmentation therapy. 
However, the need to wait 8-9 months to place im- 
plants in regenerating Bio-Oss grafts in larger areas, 
and the relative difficulty utilizing Bio-Oss when 
faced with a significant sinus membrane perfora- 
tion, lead to the exploration of other materials. 

The addition of demineralized freeze-dried 
bone allograft to the Bio-Oss offered no discernable 


Table 6.5 Core biopsy composition (%). 


Time postoperative Bio-Oss Bone Other 
3—4 months 
Sinus augmentation 59.7 18.8 21.5 
Extraction socket 59.1 19.4 21.5 
Total 59.3 19.2 21.5 
5—6 months 
Sinus augmentation 21.4 40.0 38.6 
Extraction socket 18.7 34.5 46.8 
Total 19.1 35.5 45.4 
8-9 months 
Sinus augmentation 11.1 68.4 20.5 
Extraction socket 11.3 69.1 19.6 
Total 11.2 68.6 20.2 
12-13 months 
Sinus augmentation 0.14 68.8 31.0 
Extraction socket 0.13 68.8 31.1 
Total 0.13 68.8 31.1 


Figure 6.24 A 12-month specimen of a sinus augmented 
with only Bio-Oss. Note the extensive bone regeneration 
which has occurred. 


advantages, and frequently resulted in generation 
of material of a less firm consistency at the eight- 
month reentry time than that attained through the 
use of Bio-Oss alone. 

Employment of a demineralized bone matrix 
paste (Regenafill) in combination with a deminer- 
alized bone block impregnated with cortical chips 
(Regenaform) resulted in consistent regeneration 
of bone of adequate dimension and solidity to sta- 
bilize implants six months post-augmentation ther- 
apy. This is the only nonautogenous material uti- 
lized in this paper which predictably afforded the 
ability to place implants six months after augmen- 
tation therapy, as compared to the 8- to 9-month 


Figure 6.25 Another 12-month specimen of a sinus aug- 
mented with only Bio-Oss also demonstrates extensive 
bone regeneration. 


time period for implant placement with all other 
graft materials utilized. 

Regenaform and Regenafill differ from other 
mineralized or demineralized freeze-dried bone al- 
lografts in a number of ways. These bone allo- 
graft materials are always tested following steril- 
ization for osteoinductive capability, utilizing the 
Urist model. If a certain level of osteoinductive ca- 
pability is not met, the specimen is discarded. On 
average, 21-23% of all post-sterilization specimens 
are rejected in this manner. As a result, the clini- 
cian is theoretically assured of a minimum level 
of osteoinductive capability in each graft speci- 
men utilized. No other commercially available allo- 
graft material undergoes such stringent testing. Six- 
month post-sinus augmentation histologic speci- 
mens of sites treated with a combination of Re- 
genaform and Regenafill have consistently demon- 
strated new bone growth. A paper documenting 
the use of these materials in 87 sinus augmentation 
cases yielded a success rate of 98.9% (86 out of 87), 
with success being defined as adequate bone for 
placement of implants of at least 10 mm in length 
(19). These materials have also proven highly pre- 
dictable beneath the appropriate covering mem- 
branes in effecting vertical and crestal ridge aug- 
mentation. Assessment of 334 sites treated with Re- 
genaform, Regenafill, or a combination of both be- 
neath resorbable and nonresorbable membranes, 
has yielded success rates at least comparable to 
those attained utilizing autogenous or other nonau- 
togenous graft materials beneath membranes in 
similar situations. As explained in Chapter 2, the 
precise results attained following guided bone re- 
generation therapy are highly flap design and mem- 
brane selection dependent. However, the utiliza- 
tion of Regenaform and/or Regenafill beneath the 
appropriately selected covering membranes offers 
the advantage of osteoinductive capability of the 
graft and the ability to reenter large augmented 
sites six months postoperatively to effect implant 
placement. 

This treatment approach is documented be- 
low. 


Clinical Example One 


A 47-year-old male presented missing his maxil- 
lary right molars. Radiographically, significant si- 
nus pneumatization and ridge atrophy were ev- 
ident (Figure 6.26). Six months following sinus 
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Figure 6.26 The patient presents with significant sinus 
pneumatization in the maxillary right posterior region and 
inadequate bone for implant placement. 


Figure 6.27 Six months following sinus augmentation ther- 
apy utilizing a combination of Regenaform and Regenaifill, 
there is evidence of significant bone regeneration in the 
created subantral space. 


augmentation therapy utilizing a combination of 
Regenafill and Regenaform, radiographic evidence 
of marked bone regeneration in the augmented si- 
nus area is present (Figure 6.27). Regenaform and 
Regenafill are not radiopaque. As a result, any ra- 
diopacities noted in the augmented sinus areas are 
not merely a radiographic view of the bone graft 
materials which had been placed, but rather are 
indicative of regenerated bone. A six-month histo- 
logic specimen demonstrated healthy, viable bone 
in the augmented sinus region (Figure 6.28). 


Clinical Example Two 


A 51-year-old female had been missing poste- 
rior teeth in both maxillary sextants for 19 years. 
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Figure 6.28 A histologic specimen taken six months after 
sinus augmentation with Regenaform and Regenafill. Note 
the healthy, viable regenerated bone. 


Bilateral sinus pneumatization was evident (Fig- 
ure 6.29). Following sinus augmentation with a 
combination of Regenaform and Regenafill, ex- 
tensive bone regeneration was evident radio- 
graphically (Figure 6.30). Periapical radiographs 
taken six months post-sinus augmentation ther- 
apy (Figures 6.31 and 6.32) demonstrated the de- 
gree of bone regeneration which had occurred 
in the augmented sinus areas. Histologically (Fig- 
ures 6.33 through 6.37), healthy, viable bone was 
present in the augmented sinus regions. The de- 
livery of this graft material in a resorbable ma- 
trix significantly enhanced its handling charac- 
teristics and decreased the length of the surgical 
procedure. 


Figure 6.29 The patient presents with marked bilateral si- 
nus pneumatization. 


Figure 6.30 Six months following bilateral sinus augmenta- 
tion therapy with a combination of Regenaform and Rege- 
nafill, marked bone regeneration is noted radiographically. 


ER 


Figure 6.31 A periapical radiograph taken six months fol- 
lowing sinus augmentation therapy with Regenaform and 
Regenafill in the maxillary right posterior region demon- 
strates extensive bone regeneration. 


Figure 6.32 Extensive bone regeneration was also noted 
on a periapical radiograph of the maxillary left posterior 
region taken six months post sinus augmentation therapy. 
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Figure 6.33 A histologic specimen of the augmented max- Figure 6.35 A closeup of the histologic specimen in Fig- 
illary right sinus region taken six months post-sinus aug- ure 6.37. Note the osteocytes in lacunae and the lack of 
mentation therapy demonstrates healthy, viable bone. retained graft particles. 
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Figure 6.34 Another high magnification view of the histo- Figure 6.36 A six-month histologic specimen of the regen- 
logic specimen in Figure 6.37 demonstrates osteocytes in erated maxillary left sinus area. Note the healthy, viable 
lacunae and the lack of retained graft particles. bone which is present. 
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Figure 6.37 A closeup of Figure 6.40. Healthy bone and 
continued bone regeneration are evident. 


Clinical Example Three 


A 46-year-old female presented with a fractured 
maxillary right first molar, which was a terminal 
abutment for a three-unit fixed splint (Figure 6.38). 
Following sectioning of the existing fixed splint on 
the distal aspect of the first bicuspid, both the first 
molar and the pontic in the position of the second 
bicuspid were removed. The defect was debrided, 
and sinus augmentation therapy was performed 
utilizing a mixture of Regenaform and Regenafill. 
Six months post-sinus augmentation therapy, ra- 


Figure 6.38 The patient presents with a hopeless progno- 
sis for a maxillary right first molar. 


Figure 6.39 Following extraction of the maxillary first mo- 
lar and sinus augmentation therapy with Regenaform and 
Regenafill, radiographic evidence of significant bone regen- 
eration is noted six months postoperatively. 


diographic evidence of extensive bone regenera- 
tion was present (Figure 6.39). Two osseointegrat- 
ing implants were placed in the area of bone re- 
generation six-month postoperative (Figure 6.40). 
Histologically, healthy, viable bone was evident 
in the augmented sinus area (Figures 6.41 and 
6.42). 

As previously mentioned, the ability to suc- 
cessfully effect sinus augmentation with a variety 
of materials is highly predictable. However, such 
treatment outcomes must be considered merely 


Figure 6.40 Two implants have been placed in the regen- 
erated bone in the maxillary right sinus area. 


Figure 6.41 Note the healthy, viable bone which is present 
in a histologic specimen taken at the time of implant place- 
ment, six months after sinus augmentation therapy with 
Regenaform and Regenafill. 


the first-generation definition of success when 
augmenting the posterior maxilla. Augmentation 
in an apicocrestal dimension alone, while provid- 
ing function to the patient, often results in a less 
than satisfactory esthetic treatment outcome. In ad- 
dition, in high stress situations, placement of im- 
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Figure 6.42 Another view also demonstrates healthy, vi- 


able bone six months after sinus augmentation therapy with 
Regenaform and Regenafill. 
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plants in a more palatal position due to buccal 
alveolar ridge atrophy mandates a prosthetic de- 
sign with significant buccal cantilevers, generating 
unfavorable forces under function. Such unfavor- 
able force generation, coupled with the fact that 
narrower implants must be placed in more atrophic 
ridges, may lead to a compromised implant prog- 
nosis over time. 


Clinical Example Four 


A 41-year-old female patient presented having al- 
ready undergone various levels of implant therapy. 
Hydroxyapatite-coated Micro-vent implants and ti- 
tanium plasma-sprayed IMZ implants of different 
diameters had been placed in the maxillary and 
mandibular arches. Inadequate bone was present 
to allow placement of implants in the maxillary 
left posterior region (Figure 6.43). Examination of 
the patient demonstrated the presence of a severe 
parafunctional habit. 

Utilizing techniques available in the late 
1980s, sinus augmentation therapy was ef- 
fected in the maxillary left posterior region. 
Four IMZ implants were placed eight months 
post-augmentation therapy. The maxillary and 
mandibular arches were reconstructed with fixed 
prostheses. The implant which had been placed 
in the position of the mandibular right bicuspid 
was not engaged due to its poor positioning (Figure 
6.44). Intramobile elements were utilized with the 
IMZ implants in the maxillary left quadrant of the 
fixed prosthesis, both to allow retrievability and to 
help dampen parafunctional force transmission to 


Figure 6.43 A patient presents with inadequate bone for 
implant placement in the maxillary left posterior region. 
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Figure 6.44 Following sinus augmentation therapy, sub- 
sequent placement of four IMZ implants and restoration of 
the patient's maxilla and mandible, appropriate function has 
been reattained. 


the regenerated bone. Gold occlusal surfaces were 
fabricated with porcelain facings in an effort to fur- 
ther diminish load transmission to the implants and 
natural teeth, and eventually the supporting bone 
(Figure 6.45). A full frontal view demonstrates the 
compromises inherent in performing augmentation 
therapy in an apicocrestal direction without con- 
comitant buccal ridge augmentation. In addition to 
the nonesthetic ridge lapped prosthesis which had 
to be fabricated in the maxillary left quadrant (Fig- 
ure 6.46), narrower implants had to be utilized due 
to the limited buccopalatal dimension of the alveo- 
lar ridge. Fortunately, the combination of the afore- 
mentioned prosthetic design, intramobile element 
use, and bite appliance fabrication has yielded this 
patient a reasonable long-term prognosis. 


Figure 6.45 Gold occlusal surfaces were fabricated due to 
the patient’s heavy parafunctional habit. IMZ implants were 
utilized with intramobile elements to help dampen the mag- 
nitude of parafunctional forces transmitted to the supporting 
alveolar bone. As a result, the prosthesis is screw retained. 


Figure 6.46 A frontal view demonstrates the compromises 
inherent in performing sinus augmentation therapy without 
concomitant buccal ridge augmentation, when significant 
ridge atrophy has occurred. Note the ridge-lapped implant 
supported crowns in the maxillary left posterior region. 


LATERAL APPROACH SINUS 
AUGMENTATION THERAPY 


The efficacy of sinus augmentation therapy, follow- 
ing use of a variety of graft materials, has been well 
established. 

Blomavist et al. (20) treated severe cases of 
maxillary resorption through the placement of au- 
togenous grafts to augment both the anterior and 
posterior maxilla. Three hundred fourteen implants 
were placed in 50 patients six months after graft- 
ing. Two hundred two of these implants were 
placed in augmented sinuses, and demonstrated an 
84% success rate in function, for a mean time of 
28 months after the implant placement (approxi- 
mately 20 months after loading). Seventy-five per- 
cent of the 112 implants placed in the grafted ante- 
rior maxilla demonstrated success under function 
during the same time period. 

Cordioli et al. (21) performed simultaneous 
sinus augmentation and implant placement in 12 
patients, placing a total of 27 implants. Three to 
5 mm of bone remained crestal to the floor of the si- 
nus prior to grafting. A 4:1 ration of bioactive glass 
to autogenous bone was utilized as a grafting ma- 
terial. Sinus augmentation resulted in an average 
hard tissue increase of 7.1mm + 1.6 mm. Twenty- 
six of the 27 implants were functioning successfully 
12 months after loading, yielding a cumulative suc- 
cess rate of 96.3% at 12 months. 

Daelemans et al. (22) treated 44 sinuses in 33 
patients. One hundred twenty-one implants were 
placed, 113 of which were functioning successfully 
3-80 months after loading (a mean postloading 


time of 40.2 months), yielding a cumulative suc- 
cess rate of 93.2%. 

Khoury (23) placed 467 implants in 216 aug- 
mented sinuses in 216 patients. All implants were 
placed at the time of sinus augmentation utiliz- 
ing autogenous bone blocks. Fifty-one membrane 
perforations were noted during sinus augmenta- 
tion therapy and implant placement. Twenty-eight 
of the 267 implants failed. Nineteen implants failed 
at 0-12 months in function, and 9 implants were 
failing at the time of statistical compilation, yield- 
ing a 94% cumulative success rate for the pe- 
riod of 24 months to 6 years in function. The 
average time in function was 49 months. Four- 
teen of the failed implants were associated with si- 
nus perforations notes during the surgical phase of 
therapy. 

Mazor et al. (24) performed sinus augmenta- 
tion therapy with concomitant placement of single 
implants in 10 sinuses in 10 patients. Five to 7 mm 
of residual bone remained crestal to the floor of the 
sinus prior to the augmentation surgery. Implants 
13-15 mm in length were placed in all cases. At 
36 months in function, all 10 implants were func- 
tioning successfully. 

Olson et al. (25) placed 120 implants in 
45 augmented sinuses. Eighty-eight of the im- 
plants were placed at the time of sinus augmenta- 
tion. Thirty-two of the implants were placed 3-12 
months after augmentation had been performed. 
Autogenous bone was utilized to effect sinus aug- 
mentation in all cases. Eight implants 10 or 10.5 
mm in length, 74 implants 12 mm in length, and 38 
implants 16 mm in length were placed. The quan- 
tity of bone present prior to augmentation therapy 
was not reported. After 5-71 months in function (a 
mean time of 38.2 months in function), the authors 
reported a cumulative success rate of 97.5%. 

Peleg et al. (26) placed 160 implants in 63 aug- 
mented sinuses in 63 patients. Three to 5 mm of 
bone was present coronal to the floor of the sinus at 
the time of implant placement. Implant uncovery 
occurred nine months after placement. Sixty-four 
15-mm-long implants were placed in 23 sinuses 
that presented with 3 mm of bone crestal to the 
floor of the sinus preoperatively. Thirty-nine 15- 
mm implants and two 13-mm-long implants were 
placed in 17 sinuses that presented with 4 mm 
of preoperative bone crestal to the floor of the si- 
nus. Forty-two 15-mm-long implants and fifteen 13- 
mm-long implants were placed in 23 sinuses that 
demonstrated 5 mm of bone crestal to the floor of 
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the sinus preoperatively. All implants were func- 
tioning successfully 2-4 years after loading. 

Peleg et al. (27) reported the results of 20 si- 
nuses treated in 20 patients with autogenous bone 
and simultaneous implant placement. All patients 
presented with 1-2 mm of bone crestal to the floor 
of the sinus prior to augmentation therapy. Im- 
plants were uncovered nine months after inser- 
tion. All 55 implants were functioning successfully 
26.4 months after loading. 

Valentini et al. (28) augmented 20 sinuses in 
15 patients, utilizing bovine matrix. Fifty-seven im- 
plants were placed in the sinuses six months af- 
ter augmentation had been performed. All patients 
presented with less than 5 mm of bone crestal to 
the sinus prior to augmentation therapy. Implants 
placed were 13- or 15-mm long and 4-mm wide. 
Fifty-six implants were functioning successfully, a 
mean time of four years in function, yielding a cu- 
mulative success rate of 98.2%. 

van den Bergh et al. (29) augmented 62 si- 
nuses in 42 patients utilizing iliac crest grafts. 
One hundred sixty-one implants were placed four 
months after grafting. All implants were function- 
ing successfully 1-6 years after grafting. No mean 
time in function was reported. 

Raghoebar et al. (30) placed 93 implants in 
47 grafted maxillary sinuses. The sinus grafting 
material utilized was either iliac crest (86 im- 
plants), symphyseal bone (6 implants), or a maxil- 
lary tuberosity bone graft (1 implant). If less than 
5 mm of residual alveolar bone was present pre- 
operatively crestal to the floor of the sinus, sinus 
grafting was first performed and the implants were 
inserted three months later. If at least 5 mm of 
bone remained crestal to the floor of the sinus, 
the implants were placed at the time of sinus graft- 
ing. Five implants were mobile at implant uncovery 
(three placed at the time of sinus grafting and two 
placed three months subsequent to sinus grafting). 
All other implants were functioning successfully 
according to the criteria of Albrektsson et al. at a 
mean time of 16 months in function (ranging from 
6 to 36 months in function), yielding a cumulative 
success rate of 94.6%. 

Block and Kent (31) followed 170 implants 
placed in 53 autogenous bone grafted sinuses for 
3-10 years. Twenty implants were lost in four pa- 
tients during this time. Cumulative success rates 
were not reported. 

Tong et al. (4) performed a retrospective anal- 
ysis of 10 studies examining the efficacy of sinus 
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augmentation therapy utilizing either autogenous 
bone, autogenous bone and hydroxyapatite, or hy- 
droxyapatite alone. Four hundred eighty-four im- 
plants inserted in 130 patients following autoge- 
nous bone sinus augmentation were in function 
for 6-60 months and demonstrated a 90% cu- 
mulative success rate. Three hundred sixty-three 
implants placed in 104 patients treated with au- 
togenous bone and hydroxyapatite to effect si- 
nus augmentation were in function for 18 months 
and demonstrated a cumulative success rate of 
94%. Two hundred fifteen implants placed in 
50 patients whose sinuses were augmented with 
DFDBA and hydroxyapatite were in function for 
7-60 months and demonstrated a 98% cumula- 
tive success rate. Thirty implants placed in aug- 
mented sinuses of 11 patients were in function for 
18 months and demonstrated a cumulative success 
rate of 87%. When combined, the data from these 


Table 6.6 Sinus augmentation articles reviewed. 


studies yielded a 92.8% cumulative success rate of 
implants in function in augmented sinuses. 

It should be noted that, while various au- 
thors have suggested criteria for determining the 
minimal amount of residual bone crestal to the 
floor of the sinus which is necessary for simul- 
taneous implant placement and Caldwell-Luc ap- 
proach sinus augmentation therapy, Peleg et al. 
carried out simultaneous implant placement with 
autogenous bone sinus grafting in 20 patients with 
only 1-2 mm of residual bone crestal to the floor 
of the sinus. It is also difficult to compare stud- 
ies suggesting various residual bone requirements 
for simultaneous implant placement, when many 
of the studies employed autogenous bone grafts 
to help secure the implants while others utilized 
wholly particulate materials. For a list of the stud- 
ies included, and a summary of their results, see 
Table 6.6. 


Number of 

sinuses 

treated/ Simultaneous Implant mean 

Number of implant time in Cumulative 

implants Augmentation placement function implant 
Reference placed material (Y/N) (months) success rate 
Blomavist et al. (20) 100/202 Autogenous bone N 20 84% 
Cordioli et al. (21) 12/27 4/| bioactive glass/ Y 12 96.3% 

autogenous bone 
Daelemans et al. (22) 44/121 Variety 40.2 93.2% 
Fugazzotto and Vlassis (14) 222/510 Autogenous bone Y/N 12-73* 97.0% 
Khoury (23) 216/467 Autogenous bone Y 49 94.0% 
and DFDBA 

Mazor et al. (24) 10/10 Autogenous bone Y 36 100.0% 
Olson et al. (25) 45/120 Autogenous bone Y/N 38.2 97.5% 
Peleg et al. (26) 63/160 Autogenous bone N 31 100.0% 
Peleg et al. (27) 20/55 Autogenous bone Y 25.4 100.0% 
Valentini et al. (28) 20/57 Bovine bone matrix N 48 98.2% 
van den Bergh et al. (29) 30/69 DFDBA N 12-72* 100.0% 
van den Bergh et al. (29) 62/161 Autogenous bone N 12-72* 100% 
Raghoebar et al. (30) 47/93 Autogenous bone Y/N 16 100% 
Block and Kent (31) 53/170 Autogenous bone Y/N 36-20* Unknown 
Tong et al. (4) 130—484 Various materials Y/N 6-60* Varied 


Time in function reflects status at time of this publication. 


*Mean time in function not reported. 


‘Retrospective analysis of numerous papers. 


DFDBA, demineralized freeze-dried bone allograft. 


Figure 6.47 The patient presents with 6-7 mm of bone 
crestal to the floor of the sinus. 


One of the potential complications of sinus 
augmentation therapy listed in various publications 
is the inadvertent devitalization of adjacent teeth. 
In the performance of over 750 Caldwell-Luc sinus 
augmentation procedures by the author, no adja- 
cent teeth have been devitalized as a result of the 
augmentation procedures. 


Clinical Example Five 


Figure 6.47 illustrates a patient who presented with 
approximately 5-6 mm of residual bone crestal to 
the floor of the sinus, and a flat, buccopalatally 
broad alveolar ridge crest. Due to the quantity and 
morphology of the available bone crestal to the 
floor of the sinus, lateral sinus augmentation ther- 
apy with simultaneous implant placement was per- 
formed (Figure 6.48). Significant bone regeneration 
was evident on a radiograph taken eight months 
after augmentation therapy had been carried out 


Figure 6.48 Following sinus augmentation therapy and im- 
plant placement, marked bone regeneration is noted. 
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Figure 6.49 A periapical film of the augmented sinus area 
eight months after therapy has been performed. The sec- 
ond molar tests are vital. 


(Figure 6.49). Despite the fact that the augmen- 
tation material was placed in close proximity to 
the root apices of the adjacent molar, this molar 
remains vital and demonstrates no symptoms of 
pulpal pathology. 

The above outlined treatment underscored 
the need to develop a more demanding definition 
of success for augmentation of the posterior max- 
illa, beyond generation of adequate bone for im- 
plant placement (the first-generation definition of 
success) and simultaneous buccopalatal ridge aug- 
mentation therapy when needed to maximize es- 
thetic treatment outcomes (the second-generation 
definition of success). It is evident from Figure 
6.47 that the extent and morphology of the residual 
alveolar bone crestal to the floor of the sinus offered 
additional treatment options beside a Caldwell-Luc 
lateral sinus augmentation approach with simulta- 
neous implant placement. 


OSTEOTOME SINUS AUGMENTATION 
THERAPY 


Summers (5) proposed the osteotome technique, in 
an attempt to augment the atrophic maxillary sinus 
in anticipation of implant placement in a simpler, 
less invasion manner. This approach eliminates the 
need for preparation of a bony window in the lat- 
eral aspect of the alveolus, and its subsequent ro- 
tation to displace the maxillary sinus. An “internal 
sinus lift” is performed through the utilization of 
sequentially sized osteotomes and particulate graft 
material. This technique may be utilized in con- 
junction with simultaneous implant placement, or 
to prepare a site for future implant placement. 
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Summers placed 143 implants in 55 patients at 
the time of performance of an osteotome sinus lift, 
and reported a cumulative success rate of 96% for 
these implants in function for 0-5 years. Implant 
success and failure rates were not examined rela- 
tive to preoperative residual alveolar bone height 
crestal to the floor of the sinus. 

Horowitz (32) placed 34 implants at the time 
of an osteotome sinus lift in 18 patients, and re- 
ported a 97% cumulative success rate for the im- 
plants, in function for 10-15 months. An average 
gain in alveolar bone height of 3 mm following os- 
teotome sinus lift therapy and implant placement 
was noted by the author. 

Coatoam and Krieger (33) placed 89 implants 
in osteotome-lifted sinuses of 77 implants, and re- 
ported a 92% cumulative success rate of implants 
in function for 6-42 months. The length of the im- 
plant placed and implant success were not evalu- 
ated in relation to the amount of residual alveolar 
bone crestal to the floor of the sinus preoperatively. 
In addition, no effort was made to document the 
gain in apical alveolar bone height. 

Komarnyckyj and London (34) placed 16 im- 
plants in 16 patients following osteotome sinus 
lifts, and reported a 94% cumulative success rate 
of the implants in function for 3-38 months. The 
height of the residual alveolar bone preoperatively 
was 5.31 mm on the buccal and 5 mm on the 
palatal. The authors reported a 3.25-mm gain in 
alveolar bone height of 3.38 mm on the buccal as- 
pect and 3.13 mm on the palatal aspect, following 
the performance of the osteotome sinus lift proce- 
dure. 

Zitzmann and Scharer (35) placed 59 implants 
in osteotome-lifted sinuses of 20 patients, and re- 
ported a 95% cumulative success rate for the im- 
plants, in function for 30 months. An apical alveo- 
lar bone height gain of 3.5 mm after utilization of 
an osteotome procedure was reported. The authors 
stated that a minimum of 6 mm of residual bone 
crestal to the floor of the sinus must be present to 
employ an osteotome approach with simultaneous 
implant placement. 

Deporter et al. (36) placed 26 implants in 16 
patients following osteotome sinus lifts. These im- 
plants were in function for 6-36 months with a 
mean functional time of 11.1 months. All implants 
were functioning successfully at the time of statis- 
tical compilation. Greater than 3 mm of residual 
alveolar bone was present crestal to the floor of 
the sinus at the time of therapy, and the average 


implant length was 6.9 mm. Twenty-two of the 26 
implants placed were 7 mm in length. 

Cavicchia et al. (37) placed 97 implants in 
86 sinuses augmented utilizing an osteotome ap- 
proach. Eight implants were mobile at uncovery 
and three were lost in function, yielding a cumula- 
tive success rate of 88.6% after 6-90 months in 
function. Patients were treated utilizing this ap- 
proach only if at least 5 mm of residual bone was 
present crestal to the floor of the sinus preoper- 
atively. Cavicchia reported sinus displacement of 
1-6 mm utilizing the osteotome approach, with a 
mean sinus displacement of 2.9 mm apically. Six 
8-mm-long implants; twenty-eight 10- or 11-mm- 
long implants; forty-seven 13-mm-long implants; 
and sixteen 15-mm-long implants were placed. Of 
the eight implants mobile at uncovery, six were 
placed in patients in whom the amount of preop- 
erative residual alveolar bone was less than 50% 
of the implant length. One patient demonstrated 
5-6 mm of preoperative residual bone and had a 
10-mm implant placed. Implants 13 mm in length 
were placed in two patients who exhibited 9-10 
mm of preoperative alveolar bone, and a 13-mm- 
long implant was placed in a patient who exhibited 
8 mm of preoperative alveolar bone. 

Bruschi et al. (38) reported the results of 499 
implants placed in 303 patients following utiliza- 
tion of a localized management sinus floor (LMSF) 
technique. While not identical, this technique is 
similar to Summers osteotome technique, but does 
not advocate placement of bone graft material. The 
499 implants placed demonstrated a cumulative 
success rate of 97% in function for 2-5 years. All 
patients treated presented with 5-7 mm of resid- 
ual alveolar bone crestal to the floor of the sinus 
preoperatively. 

Winter et al. (39) reported the results of 58 im- 
plants placed in 34 patients following utilization of 
an LMSF technique. The cumulative success rate 
after 22 months of function was 91.4%. Winter 
et al. treated patients who presented with 4 mm of 
residual bone or less crestal to the floor of the si- 
nus preoperatively, and reported that the sinus was 
“raised” an average of 9.12 mm. Four implants, or 
6.9% of the implants placed, were mobile at un- 
covery. 

Emmerich et al. (40) performed a meta- 
analysis of sinus floor elevation utilizing os- 
teotomes in 2005. They concluded that “short term 
clinical success/survival of implants placed with an 
osteotome sinus floor elevation technique seems to 


Table 6.7 Osteotome articles reviewed. 
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Implant mean 


time in Cumulative 

Sinus/ Preoperative Gain in bone function implant success 
Reference implants alveolar bone height (mm) (months) rate 
Summers (5) 55/143 NR NR 0-60* 96.0% 
Horowitz (32) 18/34 NR 3.0 10-15* 97.0% 
Coatoam and Kreiger (33) 77/89 NR NR 6—42* 92.0% 
Komarnyckyj and London (34) 16/16 5.0-5.31 3.13-3.25 3-—38* 94.0% 
Zitzman and Scharer (35) 20/59 >6.0 3.5 30.0 95.0% 
Rosen et al. (41) 101/174 >5.0, <5.0 NR 20.2 96.0%, 85.7% 
Deporter et al. (36) 16/26 >3.0 NR 11.1 100.0% 
Cavicchia et al. (37) 86/97 >5.0 1-6 6-90* 88.6% 
Bruschi et al. (38) 303/499 5.0-7.0 NR 24-60* 97.0% 
Winter et al. (39) 34/58 <4.0 9.12 22.0 91.4% 
Fugazzotto (42) 103/116 NR NR 32.7! 98.3% 


NR, not reported. 
*Mean time in function not reported. 


‘Time in function reflects implant status at the time of publication of current paper. 


be similar to that of implants conventionally placed 
in the partially edentulous maxilla.” 

For a list of the articles reviewed, and a sum- 
mary of their results, see Table 6.7. 

Osteotomes are always utilized in conjunc- 
tion with trephines of varying diameters when aug- 
menting the edentulous posterior maxilla. The type 
of osteotome utilized is immaterial, as long as it 
meets the following criteria: 


e The osteotome has parallel lateral walls. 

The osteotome has a concave end. 

The osteotome is offset to allow attainment of 
an appropriate angle for utilization. 

The osteotomes correspond to the bur diame- 
ters specific to the implant system being uti- 
lized, if implants are to be placed at the time 
of osteotome therapy. 

Applicable depth markings are easily visible 
on the osteotome bodies. 


Trephines of internal diameters ranging from 2.0 to 
12.0 mm are utilized, depending upon the planned 
treatment approach. The trephines have a 0.4- 
mm wall thickness. Therefore, a trephine with a 
2.0-mm internal diameter has an outer diameter of 
2.8 mm. 

Osteotomes and trephines are utilized in one 
of the following manners to effect “external” sinus 


augmentation therapy in the edentulous posterior 
maxilla: 

“External” sinus augmentation therapy utiliz- 
ing trephines and osteotomes without si- 
multaneous implant placement: A trephine 
is chosen of the largest diameter possible for 
utilization, without compromising the buccal 
and/or palatal line angles of the residual alve- 
olar ridge. An osteotomy is prepared to within 
1 mm of the sinus membrane, at 500 RPMs 
under copious sterile irrigation. If the floor of 
the sinus is not flat, the osteotomy is pre- 
pared to within 1 mm of the most shallow 
aspect of the floor of the sinus. A flat-ended 
osteotome is utilized to implode the prepared 
alveolar core to a depth 1 mm less than the 
depth of the initial trephine osteotomy. Should 
the core fail to move under gentle malleting of 
the osteotome, the osteotomy is prepared 0.5 
mm deeper than the original cut, and mallet- 
ing with an osteotome is repeated. The cre- 
ated alveolar defect is filled with particulate 
graft material and the flaps are sutured with 
interrupted plain gut sutures. The end result of 
treatment will be generation of alveolar bone 
both in the osteotomy site, and beneath the 
sinus membrane which has been lifted by the 
imploded core (Figures 6.50-6.55). 
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A 


Figure 6.50 A diagrammatic representation of an eden- 

tulous maxillary posterior region. X is the residual bone 

crestal to the floor of the sinus. 

Figure 6.53 The prepared bone core is displaced with an 
osteotome. 


Figure 6.51 A trephine cut is made in the crest of the ridge 
utilizing the largest diameter trephine possible without com- 
promising the buccal and palatal line angles of the ridge. 


Figure 6.54 Core displacement occurs to a depth 1-mm 
less than that of the original osteotomy prepared with the 
trephine. The net result is both localized lifting of the sinus 
membrane and containment of the crestal aspect of the 
core within the residual alveolar ridge. 


Figure 6.52 The trephine is carried to a depth 1-mm short 
of the sinus floor. 


Figure 6.55 Following regeneration, more than adequate 
bone is present to effect implant placement. 


It is imperative that the imploded core be 
displaced 1 mm less than the depth of the initial 
osteotomy. For example, if the initial osteotomy 
is cut to a depth of 5 mm, the core is imploded 
4 mm. Considering the compressibility of the max- 
illary posterior alveolar bone, this means that the 
core will extrude beyond the most apical extent of 
the residual alveolus approximately 3.5 mm, lift- 
ing the sinus membrane as it does so. Such an 
approach is utilized to ensure maintenance of the 
integrity of the displaced sinus membrane, and its 
containing function. Displacement of the bone core 
from the osteotomy site beyond the most apical 
confines of the residual alveolar bone runs the risk 
of membrane perforation and displacement of both 
the alveolar core from the site to be augmented, and 
membrane containment of the core or any subse- 
quently placed graft materials. 

This technique of osteotomy preparation and 
implosion of an alveolar bone core is always chosen 
over that of the conventional Summers technique, 
which involves use of a tapered osteotome through 
the residual alveolar bone crestal to the floor of 
the sinus until the sinus membrane is reached, fol- 
lowed by incremental placement of particulate graft 
material which is displaced apically by osteotome 
use, thus displacing the sinus membrane. Use of the 
alveolar bone core technique offers a number of 
advantages over the conventional Summers tech- 
nique, including: 


e The ability to effect membrane displacement 
without risking contact of a tapered osteotome 
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with the membrane itself, either during the 
initial penetration of the residual alveolar bone 
crestal to the floor of the sinus, or following 
placement of particulate graft material. Such 
contact between a tapered osteotome and the 
sinus membrane increases the chance of sinus 
membrane perforation and loss of particulate 
graft material from the site. 

Better support of the displaced sinus mem- 
brane through the use of an imploded core 
rather than compacted particulate material. 

e A means by which to “plug” any sinus tears 
which occur with an autogenous bone core. 
Delivery of autogenous bone to the site of de- 
sired regeneration, thus hastening bone regen- 
eration when compared to use of nonautoge- 
nous particulate grafts. 


It is certainly possible that, even taking care to dis- 
place the core 1 mm less than the depth of the ini- 
tial osteotomy cut, a membrane tear could occur at 
the most apical extent of the displaced core. How- 
ever, such a tear will not result in displacement of 
the core through the sinus membrane as it is gen- 
tly malleted to place. In addition, the core would 
serve as an autogenous bone plug at the site of 
membrane perforation, certainly improving bone 
regeneration in this region and helping to hasten 
membrane repair. 

It is unrealistic to expect the displaced mem- 
brane to behave in precisely the manner dia- 
grammed. Rather, it should be expected that the 
membrane will begin to “droop” as one proceeds 
further away from the supporting core. Neverthe- 
less, such a technique will result in creation of 
more than adequate space for bone regeneration 
and eventual implant placement. 

A 48-year-old female presented having lost 
her maxillary right first molar approximately 20 
years previously. Radiographically, extensive sinus 
pneumatization and limited residual alveolar bone 
crestal to the floor of the sinus were evident (Figure 
6.56). Following implosion of a bone core as previ- 
ous described graft material was placed within the 
osteotomy space. Radiographic evidence of signifi- 
cant bone regeneration is present on the six-month 
postoperative radiograph (Figure 6.57). 

There are two potential complications to this 
therapeutic approach. 

When the trephine is removed after os- 
teotomy preparation, the alveolar bone core may be 
within the trephine. In such a situation, the core is 
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Figure 6.56 The patient presents with inadequate bone for 
implant placement in the maxillary first molar position. 


carefully removed from the trephine and replaced 
in the osteotomy site. It is then gently malleted to 
the desired position. 

The second potential complication is the pres- 
ence of the bone core from the osteotomy site in 
the trephine upon its removal, compounded by ev- 
idence of a perforation through the sinus mem- 
brane. In such a situation, the alveolar bone core 
is once again carefully removed from the trephine, 
replaced in the osteotomy, and gently malleted to 
the desired position. The tear in the sinus mem- 
brane will be of no consequence, as an alveolar 


Figure 6.57 Five months after performance of a trephine 
and osteotome sinus lift as described, marked bone regen- 
eration and sinus augmentation are evident. An implant of 
sufficient dimension to withstand functional forces may now 
be safely placed. 


bone “plug” is now in place to help aid regenera- 
tion and repair. 

When a membrane tear occurs utilizing a 
more “conventional” technique, repair is more dif- 
ficult to achieve, as no autogenous bone plug is 
available to help effect such repair. 

While it is tempting to utilize this technique 
and extend well beyond the guidelines presented, 
it is imperative to differentiate between anecdotal 
case reports and predictable treatment outcomes. 


Clinical Example Six 


A 61-year-old male presented with a failing fixed 
prosthesis in his maxillary left quadrant. A radio- 
graph of the area demonstrated significant sinus 
pneumatization and limited bone crestal to the 
floor of the sinus (Figure 6.58). 

The patient was treated through the implosion 
of two bone cores, in the positions of the second 
bicuspid and first molar. The cores were imploded 
well beyond the apical border of the residual alve- 
olar bone. Demineralized bone paste was injected 
into the osteotomy sites, and demineralized bone 
putty imbedded with cortical chips was placed into 
the osteotomy sites following paste injection. A 
six-month postoperative radiograph demonstrated 


Figure 6.58 A patient presents with severe sinus pneuma- 
tization and inadequate bone for implant placement in the 
positions of the maxillary left second bicuspid and first 
molar. 


Figure 6.59 Following a dual trephine and osteotome tech- 
nique and placement of particulate graft material, marked 
sinus augmentation is noted. However, imploding trephine 
bone cores apical to the residual alveolar crest should not 
be considered a predictable procedure. 


marked bone regeneration in the augmented sinus 
area (Figure 6.59). 

Despite the dramatic regenerative result of the 
case described above, such a treatment approach 
is not predictable. There is a danger inherent in ex- 
amining the results of one or two cases and forming 
a treatment protocol from this assessment. Of the 
eight cases of similar severity treated in the manner 
outlined above, only the case shown demonstrated 
a satisfactory regenerative result. In contrast, all 
of the cases treated with the aforementioned ap- 
proach in which the guideline of displacing the 
alveolar bone core 1 mm less than the depth of 
the prepared osteotomy was followed, resulted in 
more than adequate bone regeneration for appro- 
priate implant placement. 

A publication by Rosen et al. (41) documented 
the use of the Summers bone-added osteotome 
technique for simultaneous implant placement 
in the treatment of 174 sites. Following tapered os- 
teotome use to penetrate the residual bone crestal 
to the floor of the sinus and lift the sinus mem- 
brane, particulate graft material was placed. Os- 
teotome use was continued, to apply pressure to 
the sinus membrane through the graft material, fur- 
thering its displacement. Particulate graft materials 
were added incrementally followed by osteotome 
use, until the desired degree of membrane displace- 
ment was achieved. The implant was then inserted 
according to conventional manufacturer protocols. 
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A dichotomy was found between the sites of 
two subsets in this report. Of the 160 implants 
placed in sites which demonstrated at least 5 mm 
of residual bone crestal to the floor of the sinus pre- 
operatively, the inserted implants demonstrated a 
success rate of 96.3% in early function. 

In contrast, when implants were placed fol- 
lowing use of the Summers osteotome technique 
in sites which presented with less than 5 mm of 
residual bone crestal to the floor of the sinus pre- 
operatively, implant success in early function was 
85.7%. 

Extraction of this author’s data from the pa- 
per yields the following findings. When implants 
were placed in 61 sites, which demonstrated at 
least 5 mm of residual alveolar bone crestal to 
the floor of the sinus preoperatively, all implants 
demonstrated success in early function. Of the 
two implants which had been placed in sites 
which demonstrated less than 5 mm of residual 
bone crestal to the floor of the sinus preopera- 
tively, one implant was functioning successfully 
and one had failed, yielding an implant success 
rate in early function of 50%. Of course, a data 
pool of two implants is insufficient for meaningful 
analysis. 

It is evident from these findings that the 
amount of residual bone crestal to the floor of the 
sinus available for implant stabilization is of signif- 
icance. However, there is another piece of informa- 
tion which is necessary if we are to formulate an 
appropriate therapeutic decision tree. The length of 
the implant to be placed at the time of osteotome 
augmentation therapy must be considered. Place- 
ment of an implant which protrudes further be- 
yond the apical border of the residual alveolar bone 
will require a greater degree of membrane displace- 
ment, and thus increase the chances of membrane 
perforation. Such perforation is especially impor- 
tant if particulate graft materials are being utilized, 
rather than a displaced bone core against the mem- 
brane. 

Sinus augmentation, with or without simul- 
taneous implant placement, is attainable through 
the utilization of the Summers osteotome technique 
or modified osteotome techniques as described by 
Bruschi et al. (38), Winter et al. (39), and Fugaz- 
zotto (40). However, Rosen et al. (41) reported a 
decrease in predictability when implant placement 
is performed at the time of osteotome sinus lift 
therapy, if less than 5 mm of preoperative alveolar 
bone is present crestal to the floor of the sinus. 
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Bruschi et al. (38) report a significantly higher 
success rate following localized management si- 
nus floor augmentation with simultaneous implant 
placement in the presence of 5-7 mm of alveo- 
lar bone coronal to the sinus floor preoperatively, 
than Winter et al. (39) reported when employing 
this technique with simultaneous implant place- 
ment when 4 mm or less of residual alveolar bone 
was present coronal to the floor of the sinus. The 
papers by Bruschi et al. and Winters et al. seem 
to indicate a relationship between the ratio of im- 
plant length to residual alveolar bone and success 
rate both at the time of implant uncovery and un- 
der function. This fact is underscored by the find- 
ings of Cavicchia et al. (37), who reported that 
six out of eight implant failures (75%) at the time 
of osteotome sinus augmentation and simultane- 
ous implant placement occurred when the height 
of residual alveolar bone crestal to the floor of the 
sinus was less than half that of the implant placed 
following osteotome therapy. 

The performance of Caldwell-Luc or os- 
teotome sinus augmentation therapy with simul- 
taneous implant placement in the presence of min- 
imal preoperative residual alveolar bone crestal to 
the floor of the sinus poses a number of chal- 
lenges. Because minimal bone remains to help 
afford primary stability for the inserted implant fol- 
lowing augmentation therapy, any inadvertent sur- 
gical trauma or widening of the osteotomy site will 
have a much greater effect than would be expected 
when implants were placed in a greater volume of 
bone. This fact may account for Winter et al. hav- 
ing reported that 6.9% of the implants placed in 
4 mm or less of preoperative residual bone crestal 
to the floor of the sinus were mobile at implant 
uncovery. 

The relationship between preoperative resid- 
ual alveolar bone crestal to the floor of the sinus 
and the length of the implant placed at the time of 
osteotome sinus augmentation therapy appears to 
be significant. With the exception of Winter et al., 
who stated that they raised the sinus membrane an 
average of 9.1 mm, all authors reporting average 
height gain through raising the sinus membrane 
following osteotome therapy were all in the range 
of 3-3.25 mm. When taken in conjunction with the 
reported residual alveolar bone crestal to the floor 
of the sinus preoperatively by the same authors, 
it is obvious that the extent of the bone available 
following osteotome therapy for implant placement 
is limited by the amount of preoperative bone the 


clinician is working with. If the imploded alveolar 
bone is lifted well beyond the floor of the sinus, 
the clinician runs the risk of losing control of the 
position of the imploded alveolar bone, as well as 
tearing the sinus membrane and forfeiting its graft- 
containing characteristics. While there is no doubt 
that long implants can be placed after implosion of 
relatively minimal amount of preoperative alveolar 
bone, Rosen et al. demonstrated a significant dif- 
ference in success rates when less than 5 mm of 
preoperative alveolar bone was present crestal to 
the floor of the sinus. 

“External” sinus augmentation therapy uti- 
lizing trephines and osteotomes, with simultane- 
ous implant placement: As a result of an analysis 
of cases previously treated with osteotome therapy 
and simultaneous implant placement over a num- 
ber of years, and available literature as described 
above, the following formula is now utilized when- 
ever contemplating implant placement at the time 
of trephine and osteotome augmentation in the pos- 
terior maxilla: 

If X is the quantity of bone crestal to the 
floor of the sinus, the longest implant which will 
be placed following core displacement through 
trephine and osteotome use is an implant of length 
2X-2 (42). It is important to realize that the implant 
length derived from this formula is the length of the 
implant in bone. For example, if a Straumann im- 
plant is utilized with a 1.8- or 2.8-mm collar and an 
8-mm roughened surface body, the implant is clas- 
sified as an 8-mm-long implant. Such an implant 
would be appropriate for use if 5 mm of residual 
alveolar bone remained crestal to the floor of the 
sinus ((2 x 5) — 2 = 8). 

The success and failure rates of 116 implants 
placed following osteotomy preparation with a 
trephine and displacement of the alveolar core with 
an osteotome as previously described, in function 
for up to four years, has been documented. All im- 
plants were placed following the guidelines of 2X-2, 
with X being the height of the residual bone cre- 
stal to the floor of the sinus. Two implants were 
mobile at abutment connection. No implants were 
lost in function, yielding a cumulative success rate 
of 98.3% (43). 

Implants are mobile at uncovery in system- 
ically healthy patients due to one of two causes: 
The first is failure to control forces generated on the 
healing site by an overlying removable prosthesis. 
The second cause of an implants failure to achieve 
osseointegration is technical in nature. If the 


osteotomy preparation results in excessive heat 
generation, undue mechanical trauma to the re- 
ceptor site bone, or over widening of the site in 
situations where minimal bone height is present 
for initial stabilization of the implant, implant fail- 
ure may result. While a cumulative success rate of 
98.3% is comparable to the 98.4% cumulative suc- 
cess rate of implants in function obtained follow- 
ing “conventional” Caldwell-Luc sinus augmenta- 
tion therapy, the two implants mobile at abutment 
connection mandated the development of a less 
traumatic surgical approach. 

To avoid such a problem, the following proto- 
col is employed when placing implants at the time 
of trephine and osteotome use. 

A trephine is utilized with a 2-mm internal di- 
ameter and a 2.8-mm external diameter to prepare 
an osteotomy to within 1 mm of the floor of the 
sinus, at 550 RPM. The prepared core of bone is 
imploded to a depth of 1 mm less than that of the 
initial trephine osteotomy. Flat-ended osteotomes 
are utilized to widen the osteotomy site to one bur 
size less than conventional preparation. For exam- 
ple, if a 4.8-mm-wide body Straumann implant is to 
be placed, osteotome widening of the site occurs to 
3.5 mm. A 4.2-mm-wide bone tap is then employed 
to a depth of 2 threads. A 4.8-mm-wide body Strau- 
mann implant is placed at 30 RPMs. The conven- 
tional diameter osteotomy attained to the depth of 
2 threads of the bone tap allows placement of the 
implant without any “wiggling” and undesirable 
overenlarging of the entry to the osteotomy. The 
undersized osteotomy results in compression and 
compaction of the bone lateral to the implant as it 
is inserted (Figures 6.60-6.69). 
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Figure 6.61 When simultaneous implant placement is to 
be carried out, a trephine is utilized with a 2.0-mm internal 
diameter, a 0.4-mm wall thickness, and a 2.8-mm external 
diameter. 


This modified implant insertion technique has 
proven highly predictable. Following its utilization 
for placement of over 450 implants, no implants 
have been mobile at abutment connection. A fur- 
ther modification of this technique is employed 
when implants are placed in the posterior max- 
illa without concomitant internal sinus lift therapy. 
A 2.2-mm-wide bur at 500 RPMs is taken to the 
desired depth of the osteotomy. Sequentially sized 
osteotomes are next utilized as outlined to prepare 
an undersized osteotomy. A normal size bone tap is 
employed for two revolutions, and an appropriately 


Figure 6.60 Another view of an edentulous posterior max- 
illa. X is the residual bone crestal to the floor of the sinus. 


Figure 6.62 A trephine is carried to a depth of 1 mm less 
than the floor of the sinus. 
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Figure 6.63 The 2.0-mm bone core is displaced utilizing 
an osteotome and gentle malleting. 


sized implant is placed. This modified technique 
has been employed in the insertion of over 500 im- 
plants in the posterior maxilla. No implants have 
been mobile at uncovery. 

The predictability of this modified implant in- 
sertion technique in conjunction with an osteotome 


Figure 6.65 The osteotomy is enlarged to one bur size 
smaller than a conventional osteotomy for the implant to be 
placed. A conventional size bone tap is utilized to a depth 
of two revolutions. 


and trephine sinus lift is demonstrated below. A 
patient presents missing all molars and the second 
premolar in her maxillary right posterior sextant. 
An implant was inserted in the first molar position 
following use of the modified osteotomy technique 
in conjunction with a trephine and osteotome sinus 


Figure 6.64 The prepared bone core is displaced 1 mm 
less than the depth of the original trephine cut to ensure 
that its most crestal aspect is contained within the confines 
of the residual alveolar bone. 


Figure 6.66 The prepared osteotomy site is now character- 
ized by conventional size tapping at its most crestal aspect 
and an undersized diameter along the remaining lateral 
walls of the osteotomy. 


Figure 6.67 An implant is inserted utilizing a handpiece at 
30 RPMs. The implant will engage the tapped area of the 
osteotomy without wobbling and distorting the osteotomy 
site. As the implant proceeds along the length of the os- 
teotomy, the bone on the lateral walls of the implant in the 
undersized area is compressed. 


Figure 6.68 The implant encounters the displaced alveolar 
bone core and rotates the core; displaces the core further 
apically; compresses the core and crushes and displaces 
portions of the core laterally. An implant which is inserted 
at 30 RPMs under gentle pressure will not force the core 
through the displaced sinus membrane. 
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Figure 6.69 Following bone regeneration, the implant is 
surrounded by healthy, viable bone. 


lift. An implant was placed in the second premolar 
position utilizing the modified osteotomy prepara- 
tion technique without sinus lift therapy (Figure 
6.70). 

A radiographic view of the implants five- 
plus years in function demonstrates maintenance 
of both crestal bone around the implants and the 
bone around the “apex” of the implant placed at 
the time of osteotome and trephine sinus lift ther- 
apy (Figure 6.71). 


Figure 6.70 An implant has been placed in the first mo- 
lar position following trephine and osteotome utilization and 
site preparation as previously described. No sinus augmen- 
tation was performed in the site of a second premolar. 
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Figure 6.71 After five-plus years in function, the stability of 
the crestal bone and the bone surrounding the “apex” of the 
implant in the first molar position is evident radiographically. 


Clinical Example Seven 


A 53-year-old male presented having lost his max- 
illary right molars. Moderate sinus pneumatiza- 
tion had occurred. Approximately 5 mm of resid- 
ual alveolar bone remained crestal to the floor of 
the sinus. Following osteotomy preparation with 
a trephine to a depth of 4 mm, and implosion of 
the alveolar core to a depth of 3 mm, an 8-mm-long 
wide platform titanium plasma-sprayed Straumann 
implant was placed (Figure 6.72). The imploded, 
compressed, and displaced alveolar bone core was 
well contained beneath the intact sinus membrane. 


Figure 6.73 Six months posttherapy, consolidation of the 
imploded alveolar bone around the most apical extent of 
the implant is evident. 


Six months post-augmentation therapy, a ra- 
diograph demonstrated containment and consoli- 
dation of the displaced alveolar bone surrounding 
the apex of the implant (Figure 6.73). 

No loss of either crestal bone or apical bone 
is noted around the implant after five-plus years in 
function (Figure 6.74). 

Such a therapeutic approach is highly pre- 
dictable when utilized appropriately. Care must be 
taken to thoroughly assess the morphology and 
quantity of the available residual bone crestal to 
the floor of the sinus, and to realistically appraise 
the ability to both maintain the integrity of the 


Figure 6.72 A bone core has been imploded following 
trephine and osteotome preparation as previously de- 
scribed, and an implant has been placed. 


Figure 6.74 After five-plus years in function, the stability of 
the consolidated bone around the “apex” of the implant is 
evident radiographically. 
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Figure 6.75 A patient was treated inappropriately utilizing a trephine and osteotome technique in the area where inadequate 
bone was present to support the implant at the time of placement. Note the position of the implant in the sinus and the 


significant inflammation surrounding the implant. 


displaced sinus membrane and to attain initial sta- 
bility of the implant, prior to initiating such treat- 
ment. Failure to do so will often lead to highly prob- 
lematic treatment outcomes. Figure 6.75 demon- 
strates such a situation. A patient presented 
after unsuccessful treatment utilizing a trephine 
osteotome and immediate implant placement ap- 
proach. At implant uncovery, six months after in- 
sertion, the clinician “could not find” the implant. 
A CAT scan revealed that the implant had been 
imploded into the sinus cavity. Unfortunately, the 
treating clinician’s delay in referral for this prob- 
lem resulted in development of significant inflam- 
mation and sinus congestion. 


Clinical Example Eight 


In contrast, a 64-year-old patient presented with 
extensive buccopalatal ridge atrophy in the maxil- 
lary left posterior region. Between 5 and 7 mm of 
residual alveolar bone height was apparent crestal 
to the floor of the sinus. The buccopalatal width 
of the residual alveolar ridge was insufficient for 
implant placement in the desired positions. Bucco- 
palatal ridge augmentation therapy was carried out 
to improve upon the 1.5-mm buccopalatal dimen- 
sion of the residual alveolar crest. Ongoing regen- 
eration, including a titanium-reinforced membrane 
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Figure 6.76 Simultaneous sinus augmentation and ridge 
augmentation therapy have been performed. Note the ra- 
diographic evidence of the tacks supporting the membrane 
to help effect appropriate ridge augmentation therapy. 


secured with fixation tacks, is evident radiograph- 
ically (Figure 6.76). 

Following maturation of the regenerated buc- 
cal alveolar bone, three implants were placed uti- 
lizing the aforementioned trephine and osteotome 
technique (Figure 6.77). Six months postimplant 
insertion, containment and consolidation of the dis- 
placed alveolar bone around the apices of the im- 
plants was evident radiographically (Figure 6.78). 
A radiograph taken five-plus years in function 
demonstrated maintenance of the bone surround- 
ing the implants, and no evidence of peri-implant 
pathology (Figure 6.79). 

Utilization of an osteotome and trephine tech- 
nique to effect implant placement in the posterior 
maxilla, and guided bone regenerative therapy at 
the time of tooth removal, offers the potential to sig- 
nificantly simplify therapy and shorten the overall 
course of treatment, as demonstrated below. 


Figure 6.77 Following maturation of the regenerating hard 
tissues, three Straumann implants were placed. 


Figure 6.78 Note the regenerated bone around the im- 
plants at the time of abutment connection, six months after 
original augmentation therapy was performed. 


Figure 6.79 A radiograph taken after the implants have 
been in function for five-plus years demonstrates stability 
of the bone surrounding the implants. 


Clinical Example Nine 


A 58-year-old female presented with a hopeless 
prognosis for her maxillary left first and second 
bicuspids and second molar, which were serv- 
ing as abutments for a four-unit fixed prosthe- 
sis. There was no opposing mandibular tooth in 
the second molar position. Following extraction of 
the three teeth, and debridement of the extraction 
socket defects, significant alveolar ridge destruc- 
tion and mild to moderate sinus pneumatization 
were evident (Figure 6.80). An 8-mm-long, tapered 
end Straumann was placed in the position of the 
first bicuspid. Following trephine and osteotome 


Figure 6.80 The patient presented with a hopeless prog- 
noses for three teeth supporting a fixed bridge in the max- 
illary left posterior sextant. The teeth have been extracted. 


utilization as previously described, an 8-mm-long, 
wide platform Straumann implant was placed in 
the first molar position. Particulate graft material 
was placed in the extraction socket areas of the sec- 
ond bicuspid and second molar, and in the resid- 
ual extraction socket defect which surrounded the 
implant in the position of the first bicuspid. Mem- 
branes were utilized as previously described, and 
soft tissue primary closure was attained and main- 
tained throughout the course of regeneration. 

Six months postimplant placement and regen- 
erative therapy, consolidation of the regenerating 
bone was evident (Figure 6.81). Radiographic and 


Figure 6.81 Following a trephine and osteotome approach, 
a wide neck Straumann implant has been placed in the 
first molar position. An implant was also placed in the first 
bicuspid position, and regenerative therapy was performed 
in the residual extraction socket defects. 
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Figure 6.82 A radiograph taken after the implants have 
been in function for six years demonstrates the stability of 
the bone surrounding the implants. 


clinical views of the area after six years in function 
demonstrated no evidence of crestal or apical bone 
loss around the implants, and healthy soft tissues 
surrounding the implant supported fixed prosthesis 
(Figures 6.82 and 6.83). 

The ability to utilize short implants (i.e., im- 
plants of 8 mm or less in bone) for the replace- 
ment of missing teeth in maxillary posterior areas 
has been repeatedly called into question. An in- 
depth discussion of implant length and the concept 
of crown to implant ratio as it relates to clinical 
implant therapy will be carried out in Chapter 7. 
However, one publication is especially applicable 
to the discussion of reconstruction of the maxillary 
posterior region. 


Figure 6.83 A clinical view of the restored implants. 
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The success and failure rates of 987 implants 
of 9 mm or less in length were documented in the 
replacement of missing maxillary molars (44). All 
implants were restored with single crowns. The im- 
plants were in function for up to 84 months, with 
a mean time in function of 29.3 months. The cu- 
mulative success rate in function was 95.1%. This 
success rate is comparable to success rates reported 
for implants of greater length, in function in the 
posterior maxilla. 

The ability to utilize shorter implants of spe- 
cific designs in replacement of missing maxillary 
posterior teeth offers a means by which to greatly 
simplify therapy for patients. 


Clinical Example Ten 


For example, a 75-year-old male presented miss- 
ing his maxillary right second molar, and with a 
hopeless prognosis for his fractured maxillary right 
first molar (Figure 6.84). The first molar was ex- 
tracted, and the residual alveolar bone in both the 
first and second molar positions was imploded uti- 
lizing a trephine and osteotome technique. Specific 
techniques for bone implosion at the time of ex- 
traction of maxillary molar teeth will be discussed 
in a subsequent chapter. Particulate graft material 
was placed in the osteotomy sites, and the residual 
extraction socket area of the first molar. A mem- 


Figure 6.84 A patient presents with a hopeless progno- 
sis for a maxillary right first molar. Following tooth extrac- 
tion and implosion of bone cores with an osteotome and 
trephine technique, two implants were placed and restored 
with single crowns. 
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Figure 6.85 A radiograph of the implants after six-plus 
years in function demonstrates stability of the bone around 
the implants. 


brane was placed over the first molar extraction 
socket. Passive soft tissue primary closure was at- 
tained and maintained throughout the course of 
regeneration. 

Following maturation of the regenerating hard 
tissues, two 8-mm-long, wide platform Straumann 
implants were placed and subsequently restored 
with individual crowns. These implants were in oc- 
clusion with two mandibular Straumann implants 
restored with porcelain fused to gold crowns. Af- 
ter six years in function, the stability of the bone 
surrounding the implants was evident radiograph- 
ically (Figure 6.85). 


FORMULATING A HIERARCHY OF 
TREATMENT SELECTION 


With these facts in mind, the conscientious clin- 
ician must determine when to perform Caldwell- 
Luc lateral window sinus augmentation therapy; 
when to perform such treatment with simultane- 
ous implant placement; when to incorporate ridge 
augmentation therapy into treatment of the site; 
and when to perform lateral window augmenta- 
tion with concomitant implant placement and ridge 
augmentation (Flow chart 6.1). 

Decisions must also be made as to when it 
is appropriate to utilize osteotomes and trephines 
to effect augmentation of the edentulous posterior 
maxilla, and when to incorporate simultaneous im- 
plant placement into the use of osteotomes and 
trephines during such augmentation therapy. 


While the advantages inherent in utilizing 
osteotomes and trephines as opposed to Caldwell- 
Luc approach augmentation therapy include per- 
formance of a less invasive procedure, reduc- 
tion of operating time, less postoperative morbid- 
ity, and shortening of the overall course of ther- 
apy, such a treatment approach must only be 
employed if there is a reasonable expectation of 
attaining a level of success comparable to that 
documented with more “conventional” sinus aug- 
mentation techniques. The following factors should 
be assessed before choosing a specific therapeutic 
approach: 


I The need for buccolingual ridge augmenta- 
tion therapy to effect appropriate implant 
positioning and allow use of implants of 
desired diameters: If buccal and/or palatal 
ridge augmentation therapy is necessary, os- 
teotomes and trephines cannot be utilized to 
augment the edentulous posterior maxilla. In- 
adequate bone is present in the appropriate 
positions for osteotome implosion following 
osteotomy preparation. Therefore, a lateral 
approach Caldwell-Luc surgery must be uti- 
lized as follows: 

A. Caldwell-Luc sinus augmentation ther- 
apy with concomitant buccopalatal 
ridge augmentation, with or without 
simultaneous implant placement: The 
need or lack of need for buccopalatal 
ridge augmentation does not affect the 
decision as to whether to place im- 
plants at the time of lateral window 
sinus augmentation. Such buccopalatal 
ridge augmentation is performed follow- 
ing sinus augmentation therapy, with or 
without implant placement, according to 
the same principals and techniques that 
would be employed when augmenting an 
atrophic edentulous ridge without con- 
comitant sinus augmentation therapy. 

(1) If simultaneous lateral approach sinus 
augmentation therapy and implant place- 
ment will result in at least 4 mm of bone 
supporting the implant circumferentially, 
implants are placed at the time of aug- 
mentation therapy. Implants are placed in 
such a situation utilizing the same modi- 
fied osteotomy preparation that was out- 
lined for implant placement at the time 
of osteotome and trephine use. No burs 
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are employed in the osteotomy prepara- 
tion. Osteotomes are utilized to widen the 
osteotomy to one bur size less than that 
usually developed for placement of an im- 
plant of a specific diameter. The conven- 
tional diameter bone tap is placed into 
the osteotomy, and the site is tapped two 
revolutions, as previously described. The 
implant is inserted in conjunction with 
the appropriate bone placement tech- 
nique. 4 mm of residual alveolar bone 
circumferentially around the implant is 
adequate to ensure attainment of initial 
implant stability when this insertion tech- 
nique is employed. 

If the implant or implants will not be 
supported by at least 4 mm of preexist- 
ing alveolar bone on all aspects follow- 
ing sinus augmentation therapy, a staged 
approach is utilized. While implants can 
be inserted if less than 4 mm of alve- 
olar bone will be present circumferen- 
tially around the implant, the danger of 
overinstrumenting the site prior to im- 
plant placement, and compromising the 
initial implant stability and hence the final 
treatment outcome, is greatly increased in 
such instances. It is for this reason that 
implants are not be placed in areas where 
less than 4 mm of bone will be present cir- 
cumferentially around the implant during 
sinus augmentation therapy. 


II When buccal and/or palatal ridge augmen- 
tation is not necessary, additional treatment 
approaches may be possible, including os- 
teotome and trephine use. 


A. If less than 4 mm of alveolar bone 


are present crestal to the floor of the 
sinus radiographically, lateral approach 
sinus augmentation therapy is accom- 
plished followed by implant placement 
6-8 months postoperatively, depending 
upon the graft material utilized, for rea- 
sons already discussed. 


. If adequate alveolar bone is present so 


that 2X-2, with X representing the alveo- 
lar bone crestal to the floor of the sinus, is 
an implant length of sufficient dimension 
to withstand functional forces over time 
in a given situation, a trephine and os- 
teotome approach is utilized to lift a core 
of bone. The implant is placed at the time 
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of osteotome sinus augmentation, as pre- 
viously described. Multiple cores may be 
lifted to effect placement of additional im- 
plants during the same visit. 

C. If 2x-2 is an insufficient dimension for the 
implant length desired, but 4x-6 is a suf- 
ficient dimension for the length of the re- 
quired implant in a given clinical situa- 
tion, a core of bone is imploded to a depth 
of 1 mm less than the extent of alveolar 
bone coronal to the sinus floor. Graft ma- 
terial is placed in the osteotomy and al- 
lowed to heal. The area is re-entered ap- 
proximately eight weeks postoperatively 
and an osteotome and trephine approach 
is once more utilized with simultaneous 
implant placement. The length of the im- 
plant does not exceed 2x-2, with x being 
the residual alveolar bone present crestal 
to the floor of the sinus, now that early 
healing has occurred following prior aug- 
mentation. 

D. If 2x-2 and 4x-6 are both insufficient 
lengths for placement of the desired im- 
plant in a given clinical situation, lat- 
eral approach sinus augmentation therapy 
is carried out with subsequent implant 
placement. 


Utilization of this hierarchy of treatment selection 
affords the clinician the means by which to assess a 
given situation and employ the treatment approach 
which both renders the course of therapy as simple 
and problem-free as possible for the patient, and 
ensures an optimal degree of predictability in the 
final result. 


SINUS MEMBRANE PERFORATIONS 


The presence of preexisting Schneiderian mem- 
brane perforations, or the creation of a mem- 
brane perforation at the time of sinus augmenta- 
tion, may cause clinicians to pause and reeval- 
uate the feasibility of performing the planned 
augmentation therapy and implant placement dur- 
ing the same visit. However, Karabuda et al. (45) 
reported upon 91 patients undergoing sinus aug- 
mentation therapy and concomitant implant place- 
ment. Twelve membrane perforations were de- 
tected during surgery. Implant survival rate was 
not effected by the presence or absence of sinus 
membrane perforation. 


Is the presence of a sinus membrane perfora- 
tion cause to either abort the planned augmenta- 
tion procedure, or modify a planned augmentation 
with simultaneous implant procedure so that only 
the augmentation is performed during the first sur- 
gical visit? 

These questions may be answered, and pre- 
dictable treatment results obtained, through the uti- 
lization of a simple framework by which to deal 
with sinus membrane perforations and effect pre- 
dictable sinus augmentation, with or without si- 
multaneous implant placement. 

Treatment of sinus membrane perforations in- 
volved the following steps: 


e Classification of the perforation. 

Management of the perforation. 

Modification of particulate graft material, if 

utilized. 

e Modification of the graft packing technique, 
when particulate graft material is utilized. 


A simplified classification and repair system for si- 
nus membrane perforations has been previously 
published (46). It has been successfully utilized in 
the treatment of 24 sinus membrane perforations 
(Table 6.8). 

Upon discovery of a sinus membrane perfo- 
ration, specific steps must be taken prior to any 
attempts at membrane repair. The clinician must 
avoid manipulation of the membrane to ascertain 
the size of the tear, as such manipulation only 
worsens the tear. The buccal mucoperiosteal flap 
may have to be extended through lengthening of 
the mesial and distal vertical releasing incisions 
and their horizontal extensions and further full- 
thickness flap reflection, in order to gain greater 
visualization and access to the prepared sinus win- 
dow area. Following additional mucoperiosteal flap 
reflection as required, the membrane perforation is 
evaluated, classified, and treated. 

Membrane perforations are first classified 
with respect to location (Figure 6.86). Class I per- 
forations occur at any point along the most apical 
wall of the prepared sinus window. Class II per- 
forations occur along the lateral or crestal aspects 
of the prepared sinus window and are further sub- 
divided according to their relative position to the 
most mesial, distal, or crestal bony walls of the un- 
derlying sinus. Class III perforations occur at any 
location within the body of the prepared sinus win- 
dow (Flow chart 6.2). 


Table 6.8 Results of treated sinus perforations. 
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Perforation 
classification 


Grafting 
material 


Simultaneous 
implant 
placement 
(Y/N) 


Implant types 
and sizes 
(mm) 


Final 
restoration 


IIA 


IIA 


IIA 


IA 


IA 


BBM 


BBM 


BBM 
DFDBA/BBM 
Autogenous bone, 
DFDBA/PRP 
BBM 


Autogenous bone, 
BBM/PRP 


DFDBA/BBM 


BBM 


Regenaform 


BBM 


BBM 


BBM 


BBM 


BBM 


Y 


IMZ 
4x15 
4x15 

ITI 

4.8 x 10 
4.8 x 10 
ITI 

4.8 x10 wn 
ITI 

4.8 x10 wn 
4.8 x10 wn 
ITI 

4.1 x10 
4.1 x10 
ITI 

4.8 x12 
ITI 

4.8 x10 wn 
4.8 x10 wn 
ITI 

4.1 x12 
ITI 

4.8 x8 wn 
4.8 x8 wn 
ITI 

4.8 x10 wn 
4.8 x10 wn 
4.8 x10 wn 
ITI 

4.8 x10 
4.8 x12 
ITI 

4.8 x10 
4.8 x10 
ITI 

4.1 x10 
4.1 x10 
ITI 

4.8 x10 wn 
4.8 x10 wn 
ITI 

4.1 x12 
4.1 x12 


Fixed splint 


2 Crowns 


Crown 


2 Crowns 


Fixed splint 


Crown 


2 Crowns 


Crown 


2 Crowns 


3 Crowns 


Fixed splint 


Fixed splint 


2 Crowns 


Fixed splint 


Fixed splint 
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Table 6.8 (Continued) 


Simultaneous 


implant 
placement 


Perforation 
classification 


Grafting 


material (Y/N) 


Implant types 
and sizes 
(mm) 


Final 
restoration 


IIA Regenaform/ Y 
Regenafill 


IIB BBM/DFDBA N 


IIB BBM N 


IIB DFDBA/BBM N 


IIB BBM N 


IIB BBM N 


III DFDBA/BBM N 


III BBM/PRP N 


III BBM N 


ITI 2 Crowns 
4.8 x10 wn 

4.8 x10 wn 

ITI Crown 

4.1 x12 

IMZ Fixed splint 
4x11 

4x13 

4x13 

ITI Fixed splint 
4.1 x12 

4.1 x13 

ITI Fixed splint 
4.8 x10 wn 

4.8 x8 wn 

ITI 2 Crowns 
4.8 x10 wn 

4.8 x12 wn 

ITI Fixed splint 
4.1 x12 

4.1 x12 

ITI Fixed splint 
4.1 x10 

4.1 x10 

ITI 2 Crowns 
4.8 x10 wn 

4.8 x10 wn 


BBM, bovine bone matrix; DFDBA, demineralized freeze-dried bone allograft; PRP, platelet-rich plasma; wn, wide neck. 


CLASS I SINUS MEMBRANE 
PERFORATIONS 


The presence of a Class I sinus membrane per- 
foration poses no concerns with regard to either 
sequencing of therapy or the final treatment re- 
sult, assuming appropriate perforation manage- 
ment. While the clinician must take care not to 
apply direct pressure during sinus membrane re- 
flection in the area of the perforation, so as to 
avoid increasing the perforation’s dimensions, si- 


nus membrane elevation should be easily affected. 
The apical displacement of the sinus membrane 
that occurs following its reflection results in the 
membrane folding over itself. The Class I sinus 
membrane perforation is thus “sealed.” To alleviate 
any concerns about the presence of this perforation 
after it has been covered over by the displaced and 
“folded” membrane, a piece of collagen tape may 
be placed over the area. If simultaneous implant 
placement had been planned, such implant place- 
ment may now be carried out. 


Figure 6.86 A diagrammatic representation of the locations 
of various sinus membrane perforations. 


Clinical Example Eleven 


A 53-year-old female required sinus augmentation 
therapy in the maxillary right posterior region due 
to severe sinus pneumatization following tooth loss 
(Figure 6.87). During sinus augmentation therapy, 
a Class I perforation developed in the sinus mem- 
brane (Figure 6.88). The perforation was managed 
as previously described. A Bio-Oss graft was placed 
in the subantral space. No covering membrane was 
utilized over the created osteotomy window. Pri- 
mary soft tissue closure was attained and main- 
tained throughout the course of regeneration. 
Extensive bone regeneration in the aug- 
mented sinus area was evident eight months 
following therapy (Figure 6.89). Two 4.0-mm- 
wide, 15.0-mm-long titanium plasma-sprayed 


yS 


Figure 6.87 A patient presents with severe sinus pneuma- 
tization and the need for sinus augmentation therapy before 
contemplating implant placement in her maxillary right pos- 
terior sextant. 
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Figure 6.88 A Class | sinus membrane perforation devel- 
oped during sinus augmentation therapy. Following appro- 
priate flap reflection, the sinus augmentation procedure 
was continued. 


IMZ implants were placed eight months post- 
augmentation therapy, and restored with a fixed 
splint. 


CLASS II SINUS MEMBRANE 
PERFORATIONS 


Both the repair of a Class II sinus membrane per- 
foration, and the need or lack of need to alter the 
proposed course of therapy, are dependent upon 
the position of the membrane perforation with re- 
lation to the bordering walls of the subantral space 
to be augmented. If the initial sinus window was 
precisely prepared to approximate the bordering 


K- 


Figure 6.89 A radiograph taken eight months after sinus 
augmentation therapy demonstrates extensive bone re- 
generation in the created subantral space. Implants were 
placed at this time. 
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sinus cavity walls, repair of a Class II sinus mem- 
brane perforation is more difficult and has a greater 
impact upon the course of therapy than if the ini- 
tial sinus window preparation was undersized and 
did not approximate the bordering sinus cavity 
walls. 


CLASS ITA SINUS MEMBRANE 
PERFORATIONS 


A Class IIA sinus membrane perforation may occur 
anywhere along the expanse of the lateral or coro- 
nal walls of the prepared sinus window, when the 
sinus cavity to be augmented extends a minimum 
of 4-5 mm beyond the position of the membrane 
perforation. For example, if the membrane perfo- 
ration is on the mesial aspect of the sinus window, 
and the sinus extends at least 4-5 mm mesially be- 
yond the prepared sinus window, this perforation 
is classified as IIA. In such a situation, care is taken 
following mucoperiosteal flap extension to gently 
extend the osteotomy further mesially utilizing a 
piezosurgery tip, thus exposing intact sinus mem- 
brane mesial to the perforation. A plastic instru- 
ment, followed by a curette of sufficient dimension 
to bridge the membrane perforation, are utilized to 
continue membrane reflection in the normal man- 
ner. The exception to standard protocol is that the 
reflecting instrument is extended over the mem- 
brane perforation to the intact sinus membrane 
area, thus bridging the tear and allowing gentle re- 
flection of the intact sinus membrane and rotation 
of the membrane and the attached bony window 
medically and apically. Preparation rich in growth 
factors (PRGFs) is placed over the perforation area 
prior to placement of regenerative materials. If 
simultaneous implant therapy had been planned 
preoperatively, it can be accomplished at this 
time. 


CLASS IIB SINUS MEMBRANE 
PERFORATIONS 


If the prepared aspect of the sinus window ap- 
proximates the extension of the sinus cavity in this 
area, no additional space exists for performance of 
a further osteotomy. For example, when the mesial 
wall of the prepared sinus window approximates 
the mesial extent of the sinus to be augmented, 


it is impossible to remove additional bone mesial 
to the prepared sinus window in an effort to un- 
cover intact sinus membrane for use during reflec- 
tion. Attempts to reflect the remnants of the si- 
nus membrane will increase the size of membrane 
perforation, rendering it unmanageable. It is im- 
perative that a new “membrane” be recreated, so 
as to provide the clinician with a containing ele- 
ment for reception of the planned regenerative ma- 
terials. Insertion of collagen tape or other pliable, 
nonsecured materials in an attempt to form a con- 
taining element within the augmented sinus is un- 
predictable. A resorbable membrane is shaped and 
inserted into the sinus window, with its ends ex- 
truding out of the window. The extruding aspects 
of the membrane are secured to the surrounding 
alveolar bone with one or two fixation tacks. A 
curette is utilized to gently mold the morphology 
of the membrane within the sinus cavity to be aug- 
mented, ensuring the creation of adequate space 
to receive and contain the augmentation materi- 
als. If preoperative planning called for simultane- 
ous implant placement at the time of sinus aug- 
mentation, this course of therapy is abandoned. 
When faced with an extensive membrane perfo- 
ration requiring the aforementioned reconstructive 
therapy, only augmentation is carried out during 
this surgical session. Implant placement will oc- 
cur at a second visit, following maturation of the 
regenerating hard tissues in the augmented sinus 
area. 


Modification of Graft Material 

If PRGF is to be utilized during the augmentation 
procedure, a PRGF membrane is laid into the cre- 
ated sub-antral space, to serve as a sealant over the 
evident perforation and any undetectable microp- 
erforations, as well as to begin the healing cascade. 
The need or lack of need to modify the graft ma- 
terial to be placed following management of a si- 
nus membrane perforation is dependent upon the 
regenerative approach being utilized. When partic- 
ulate graft materials are employed, in the absence 
of PRGF, they should be mixed with microfibrillar 
collagen so as to provide cohesiveness and enhance 
placement and compaction. If PRGF is utilized, it 
will gather the particulate material into a highly 
manageable mass. When bone matrix paste is em- 
ployed in conjunction with a demineralized bone 
matrix putty impregnated with cortical chips, the 


graft is enveloped in PRGF. No microfibrillar colla- 
gen is added to the graft material. 


Modification of Graft Packing 

Techniques 

When a particulate graft is to be placed, after it has 
been mixed with either microfibrillar collagen or 
PRGF, care must be taken to gently lay the graft 
against the recreated “membrane” so as not to dis- 
place the membrane and the graft from the planned 
site of augmentation. 

If bone paste and putty are employed, they are 
inserted as previously described, injecting the paste 
into the created subantral space and then inserting 
the demineralized bone matrix putty, whether or 
not PRGF is to be utilized. 

Development of a sinus membrane perfora- 
tion during sinus augmentation therapy should not 
be seen as a contraindication to carrying out treat- 
ment. Rather, it is a modifying factor which will de- 
mand specific alterations in techniques employed, 
and may mandate delayed implant placement. 


Clinical Example Twelve 


A 31-year-old female presented with the need for 
sinus augmentation therapy to effect implant place- 
ment in the maxillary first molar region (Figure 
6.90). During sinus membrane reflection, a Class 
IIB mesial membrane perforation occurred (Fig- 
ure 6.91). A small portion of the membrane re- 
mained attached to the rotated and apically dis- 


Figure 6.90 A patient presents with significant sinus 
pneumatization, precluding implant placement in the first 
molar position. 
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Figure 6.91 A Class IIB sinus membrane perforation devel- 
oped during sinus augmentation therapy. Following mem- 
brane reflection, a subantral “pouch” was recreated with a 
Resolut membrane secured with fixation tacks to the outer 
aspect of the lateral wall of the alveolus. Sinus augmenta- 
tion therapy was carried out. 


placed osseous window. A resorbable membrane 
was utilized to create a containing environment 
for the anticipated graft material. The membrane 
was secured with fixation tacks to the external lat- 
eral aspect of the alveolus. Bio-Oss and demineral- 
ized freeze-dried bone allograft were placed. Eight 
months postoperatively, significant bone regenera- 
tion in the augmented sinus area was evident radio- 
graphically (Figure 6.92). A 12-mm-long, 4.1-mm- 
wide Straumann implant was placed eight months 


Figure 6.92 Eight months postoperatively, extensive bone 
regeneration is noted in the recreated subantral space. 
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Figure 6.93 An implant has been placed in the regenerated 


bone and restored. Note the radiographic evidence of bone 
stability around the implant under function. 


after sinus augmentation therapy had been per- 
formed. This implant was uncovered three months 
after insertion and restored with a single cemented 
crown (Figure 6.93). 


Clinical Example Thirteen 


A 61-year-old patient presented missing multiple 
teeth in her maxillary left posterior sextant. Radio- 
graphically, significant sinus pneumatization was 
evident (Figure 6.94). During sinus augmentation 
therapy, a Class III sinus membrane perforation 
developed (Figure 6.95). A containing space was 
reestablished as previously described utilizing a re- 
sorbable Resolut membrane. The membrane was 


Figure 6.94 A patient presents with significant sinus 
pneumatization and the need for sinus augmentation ther- 
apy prior to implant placement in her maxillary left posterior 
sextant. 


Figure 6.95 A Class Ill sinus membrane perforation de- 
veloped during sinus augmentation therapy. The subantral 
space was recreated with a Resolut membrane and se- 
cured with fixation tacks to the outer aspect of the lateral 
wall of the alveolus. Sinus augmentation therapy was con- 
tinued with a Bio-Oss graft. 


secured with fixation tacks on the lateral wall 
of the external aspect of the alveolus. Bio-Oss 
was mixed with microfibrillar collagen and placed 
into the created sinus space. Eight months post- 
operatively, marked regeneration of hard tissue 
in the augmented sinus area was evident radio- 
graphically (Figure 6.96). Three standard diame- 
ter IMZ implants were placed and restored upon 
their uncovery three months after insertion with a 
fixed splint (Figure 6.97). A radiograph of the im- 
plants after 10-plus years in function demonstrates 


Figure 6.96 Eight months following sinus augmentation 
therapy, radiographic evidence of extensive bone regen- 
eration in the created subantral space is noted. 


Figure 6.97 Three IMZ implants were placed and subse- 
quently restored. 


Figure 6.98 A radiograph taken after the implants have 
been in function for 10-plus years demonstrates the stability 
of the regenerated bone surrounding the implants. 


stability of both the crestal peri-implant bone and 
the augmented bone surrounding the “apices” of 
the implants (Figure 6.98). 


CLASS III SINUS MEMBRANE 
PERFORATIONS 


A Class II membrane perforation is treated in an 
identical manner to that of a Class IIB sinus mem- 
brane perforation. It is rare to be able to utilize 
longer curettes to bridge a small Class III sinus 
membrane perforation, and thus effect regenera- 
tion, without enlarging the perforation. 


Augmentation of the Posterior Maxilla 191 


PRGF UTILIZATION IN SINUS 
AUGMENTATION PROCEDURES 


The incorporation of PRGF into sinus augmentation 
therapy offers a number of advantages including: 


Enhancement of the regenerative process, as 
described in Chapter 3. 

Ease of manipulation of particulate and putty 
materials through the development in the 
PRGF/fibrin membrane graft complex. 
Fabrication of a “biologic membrane” to place 
over the osteotomy window. Such “mem- 
brane” utilization entails no additional ex- 
pense to the patient. 

A “biologic membrane/sealant” which is 
placed into the created subantral space against 
the reflected membrane. This PRGF/fibrin 
membrane complex helps to seal any microp- 
erforations which may be present. 

Utilization of the PRGF/fibrin complex over 
detectable, larger sinus membrane perfora- 
tions to help further contain graft materials 
and promote regeneration and repair. 


PRGF is now utilized during every sinus augmen- 
tation procedure performed by the author. 


Postoperative Management 
Prescribed postoperative medications following si- 
nus augmentation therapy include Augmentin 875 
mg bid for 10 days (patients allergic to Augmentin 
receive Clindamycin 300 mg bid for 10 days), and 
500 mg bid for 10 days, unless medically con- 
traindicated. 

Patients are instructed not to blow their noses 
for 14 days postoperatively. 

A decongestant may be utilized. However, pa- 
tients are instructed not to use an antihistamine. 


Conclusions 


Reconstruction of the atrophic posterior maxilla 
through appropriate diagnosis, treatment planning 
and utilization of applicable techniques should be 
viewed as a highly predictable, straightforward 
treatment option which affords numerous advan- 
tages to the patient in both the short and long 
terms. 
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Buccolingual Buccolingual 
ridge augmentation ridge augmentation 
is required is not required 
An implant An implant may An implant 
may be placed not be placed may be placed 
in at least 4 mm in at least 4 mm in at least 4 mm 
of host bone of host bone of host bone 
circumferentially circumferentially circumferentially 
Lateral aproach Lateral approach 2x-2 is an 2x-2 is 2x-2 and 
sinus augmentation sinus augmentation implant of insufficient 4x-6 are 
and sufficient 4x-6 is insufficient 
simultaneous implant length sufficient implant 
placement 5-8* implant lengths 
months length | 
5—8* Implant Osteotome/ Osteotome/ Lateral 
months placement trephine trephine approach 
and 8 | weeks sinus 
64 [vet simultaneous augmentation 
Implant implant Osteotome/ and 
restoration Implant placement trephine simultaneous 
restoration and implant 
3—6# simultaneous placement 
weeks implant 
placement 5—8# 
months 
3—6# 
Implant weeks 
restoration 
Note: x = mm bone crestal to 
the sinus floor Implant Implant 
* = is dependent upon graft material employed restoration restoration 


# = is dependent upon the implant surface 


Flow chart 6.1 Selecting a treatment approach for augmentation of the edentulous posterior maxilla. 
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Simultaneous Simultaneous 
implant implant 

placement placement 

was planned was planned 
Collagen tape; Class I PRGF: 

Continue as planned Continue as planned 
Collagen tape; Class II A PRGF: 

Continue as planned Continue as planned 

Secured resorbable Secured resorbable 

membrane; Class II B membrane; PRGF; 
Convert to a two- Continue as planned 


stage procedure 


Secured Rresorbable Secured resorbable 
membrane; Class III membrane; PRGF; 
Convert to a two- Continue as planned 


stage procedure 


Flow chart 6.2 Treatment selection following sinus membrane perforation (platelet-rich plasma is always utilized). 
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Clinical Studies 
Preconditions for Shorter Implant Use 
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Implant Placement at the Time of Mandibular Molar 
Extraction 
Shorter Implant Utilization in Maxillary Posterior Areas 
Shorter Implant Utilization at the Time of Maxillary 
Molar Extraction 
Conclusions 


The concept of crown to root ratio, as described 
by Wheeler and discussed by various clinicians 
with regard to treatment of the natural dentition, 
is well established. The positive effects of a shorter 
crown to root ratio on the prognoses of teeth in 
various clinical scenarios have been well docu- 
mented, as have the potential deleterious effects 
of a longer crown to root ratio on the prognoses of 
both individual teeth and treatment outcomes as a 
whole. 

Crown to root ratio is often seen as an indica- 
tor of the presence or absence of loss of supporting 
bone around tooth roots due to periodontal disease 
and/or other factors. Normally proportioned teeth 
exhibit a greater crown to root ratio as periodon- 
tal disease progresses, and the supporting bone is 
lost. The lever arm of functional and parafunctional 
forces is also increased following loss of supporting 
bone. These are the two primary reasons crown to 
root ratio is often cited as a significant influence on 
long-term prognosis. 

Conversely, a crown to root ratio within the 
“normal” range of 0.60 for maxillary teeth and 0.55 
for mandibular teeth is not an indicator of peri- 
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odontal health, or an assurance that periodontal 
bone destruction has not occurred around a given 
tooth in the past. Should a patient exhibit a para- 
functional habit, which results in excessive loss of 
tooth structure of the anatomical crown, in con- 
junction with periodontal bone loss around the root 
of the tooth, the crown to root ratio may fall within 
a “normal” range. In addition, a reduced crown 
to root ratio demands that the clinician examines 
the patient for potential parafunctional habits and 
excessive tooth wear. 

Ante’s law, stating that the surface area of the 
roots of the abutments of a fixed prosthesis must 
at least equal the surface area of the roots of the 
teeth to be replaced by pontics, may be seen as 
an offshoot of crown to root ratio considerations. 
Because Ante’s law does not take into considera- 
tion the periodontal status of the abutment teeth, a 
modification of Ante’s law has arisen which states 
that the surface area of the roots of the abutment 
teeth remaining within supporting bone must be at 
least equal to the surface area of the roots of the 
teeth to be replaced by pontics. 

Crown to root ratio considerations and modifi- 
cations of Ante’s law have long been utilized as cor- 
nerstones in treatment planning a prosthetic course 
of therapy in both periodontally healthy patients, 
and those requiring periodontal prosthetic recon- 
struction. 

When osseointegrating implants were intro- 
duced to the dental community, an assumption was 
made that longer implants (i.e., implants with a 
greater surface area for potential osseointegration) 
would prove more advantageous, and present with 
a superior long-term prognosis when compared to 
shorter implants, in most if not all clinical situa- 
tions. Early publications documenting the exten- 
sive use of machined screw Branemark implants 
seemed to bear out this belief (1-4). As will become 


evident, it is important to note that the osseointe- 
grating implants documented in these studies were 
machined screw, hex-headed implants placed in 
a countersunk manner. The advantages of rough 
surface implants, as compared to their smooth- 
surfaced counterparts, will be subsequently dis- 
cussed. 

There are many theoretical advantages to be- 
ing able to utilize shorter implants, if success rates 
are attainable which are comparable to those of 
their longer counterparts. Shorter implant use will 
help the clinician avoid vital structures, including 
the sinus floor and the inferior alveolar canal. The 
use of shorter implants will often eliminate the 
need to perform augmentation therapy. Even when 
augmentation therapy is still necessary, the extent 
of augmentation required will be significantly de- 
creased. Before advocating the utilization of shorter 
implants in various situations, it is important to 
examine the available finite element analyses and 
clinical data. Only if shorter implant use may be 
grounded in a biomechanical rationale, and rein- 
forced by available clinical data, should the con- 
scientious clinician consider shorter implant use as 
routine therapy which does not represent a com- 
promise to the patient (Flow chart 7.1). If the fi- 
nite element analyses available are not adequate 
to make a compelling argument for the feasibility 
of shorter implant use, such utilization of shorter 
implants should be abandoned. 

However, if the available finite element anal- 
yses support and reinforce shorter implant use, the 
relevant clinical studies must be critically exam- 
ined, through the extraction and analysis of avail- 
able clinical data from published papers. 

Once again, if the available clinical data 
does not support the predictable use of shorter 
implants with no statistical disadvantages over 
their longer counterparts, utilization of shorter im- 
plants must be abandoned. However, if the clinical 
data does appropriately demonstrate a predictabil- 
ity of shorter implant use which is equal to or 
greater than the predictability of use of longer im- 
plants, utilization of shorter implants should not be 
considered experimental. Rather, shorter implants 
should be integrated into the clinician’s every- 
day treatment armamentarium in an appropriate 
manner. 

It will then become critical to define the 
parameters which must be appropriately man- 
aged to ensure the successful utilization of short 
implants. 
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Finite Element Analyses 


Lum (5) utilized finite element analysis to examine 
the distribution of occlusal forces placed on im- 
plants to the surrounding bone. He found that the 
occlusal forces were distributed primarily to the 
crestal bone, regardless of implant length. These 
masticatory forces were well tolerated by the cre- 
stal bone. However, parafunctional forces were not 
well tolerated by the crestal bone, leading Lum to 
state that parafunctional forces must be attenuated. 
Lum also suggested the use of wider implants and 
a greater number of implants in patients demon- 
strating a significant parafunctional habit. 

Pierriesnard et al. (6) performed a finite ele- 
ment analysis on 3.75-mm-wide hex-headed screw 
implants of lengths of 6, 7, 8, 9, 10, 11, and 
12 mm. The authors found that the magnitude and 
distribution of bone stress was constant, and was 
independent of either implant length or bicortical 
anchorage of the implant. 

Lai et al. (7) performed finite element analy- 
sis on 3.75-mm-wide and 10-mm-long hex-headed 
implant cylinders. They applied 35 Ncm of verti- 
cal load to the implant cylinders, and found that 
the greatest stress was always concentrated at the 
neck of the implant. The peak stress was indepen- 
dent of implant length, but was inversely propor- 
tional to the extent of osseointegration. This fact 
will prove important in determining the prerequi- 
sites for shorter implant use. 

Conversely, Petrie and Williams performed fi- 
nite element analysis of implants in the premolar 
area. These implants ranged from diameter of 3.5 
to 6 mm, and in length from 5.75 to 23.5 mm (8). 
The authors found a reduction in peak crestal stress 
with an increased implant diameter or increased 
implant length. Peak crestal stress increased with 
implant taper. 

Holmgren et al. (9) performed a finite element 
analysis of stepped and straight press fit implants, 
and found that implant length had no effect on ei- 
ther peak stress magnitude or stress distribution. 
Stress was concentrated at the bone crest regard- 
less of implant length. Holmgren et al. stated that 
wider implants did not offer an advantage with re- 
gard to stress distribution, and may not always be 
the best treatment option due to other considera- 
tions, such as bone width and the potential need 
for concomitant regenerative therapy. 

Himmlova et al. (10) found, during a finite el- 
ement analysis of implants in mandibular molar 
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positions, that the greatest force concentration 
upon force application was always at the bone 
crest. Contrary to Holmgren et al., Himmlova et al. 
stated that wider diameter implant use decreased 
the peak stress at the bone crest. 

Many more finite element analyses have been 
carried out to examine stress distribution following 
force application to implants in various areas of the 
mouth. The preponderance of these studies comes 
to a common conclusion. The greatest magnitude 
of stress is always found at the bone crest, at the 
bone implant interface. The peak stress is indepen- 
dent of implant length. Occlusal stresses (forces) 
are better tolerated than parafunctional stresses 
(forces). 

Finite element analyses strongly support the 
use of shorter implants if they offer advantages 
over the longer counterparts in a given clinical sit- 
uation. These finite element analyses suggest that 
such utilization represents no compromise to treat- 
ment outcomes in either the short or long term. 

Shorter implant use also helps eliminate the 
need for cantilevered prostheses. Akca and Iplikcio- 
gou (11) demonstrated, in a finite element analysis 
of mandibular cantilevered prosthesis versus pros- 
thesis with short implants placed in the areas of the 
cantilevers, that significantly lower peak stress val- 
ues were noted with shorter implant use, as com- 
pared to the cantilevered prostheses. 

Cantilevered prostheses, whether they are 
supported by natural teeth or implants, represent 
a compromise with regard to stress distribution 
and long-term prognosis. Figure 7.1 demonstrates 


Figure 7.1 A cantilevered fixed prosthesis which has been 
in function for approximately four years, demonstrates both 
caries and periodontal breakdown. 


a cantilevered prosthesis which has been in place 
for approximately four years. Note both the in- 
frabony defect on the distal aspect of the most 
distal abutment (the second bicuspid) and recur- 
rent caries on the cuspid. This patient occluded 
against a porcelain fused to gold mandibular pros- 
thesis. The excessive forces placed on the second 
bicuspid, due in part to the presence of the distal 
cantilever, resulted in both significant periodontal 
destruction on the distal aspect of the abutment as 
a result of the torquing action of the cantilevered 
portion of the prosthesis, and eventual root fracture 
of the second bicuspid. This continued torquing, 
which was magnified following the fracture of the 
bicuspid, led to flexure of the prosthesis and con- 
tributed to loss of the cement seal on the cuspid and 
subsequent recurrent caries development. Follow- 
ing sectioning of the fixed prosthesis, extraction of 
the cuspid and second bicuspid, and implosion of 
the bone crestal to the floor of the sinus in the 
area of the first molar, 8-mm-long Straumann im- 
plants were placed and restored with individual 
crowns. The most anterior implant is a tapered im- 
plant with a 4.1-mm apical diameter. The middle 
implant is a tapered implant with a 3.3-mm api- 
cal diameter. A 4.8-mm-wide body implant with a 
6.5-mm-wide restorative platform has been placed 
in the first molar position. These implants have 
been in function for over five years, with no evi- 
dence of loss of supporting bone or implant mobil- 
ity (Figure 7.2). 


Figure 7.2 The cantilevered prosthesis has been removed, 
and the teeth extracted. Three 8-mm-long Straumann im- 
plants have been placed and restored with single crowns. 
The implants have been in function for five-plus years. 


In another example, a patient presented in 
1981 with an inability to tolerate a maxillary remov- 
able prosthesis. Due to esthetic considerations, he 
desired two cantilevers in the maxillary right quad- 
rant and one cantilever in the maxillary left quad- 
rant to replace missing posterior teeth, at the time 
of maxillary reconstruction with a fixed prosthesis. 
It was explained to the patient during the treatment 
planning phase of therapy that, if such cantilevers 
were placed, they could not be in occlusion with 
any mandibular teeth or prosthesis, as the exces- 
sive forces which would be generated would jeop- 
ardize his few remaining maxillary abutments. This 
was especially true as the patient demonstrated an 
occlusion of significant force. The patient agreed 
to this limitation, and the desired prosthesis was 
fabricated. After 10 years in function, there was no 
radiographic evidence of periodontal breakdown or 
root fracture beneath the prosthesis (Figure 7.3). 
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Unfortunately, the patient was subsequently 
seen by another practitioner who placed a 
mandibular fixed prosthesis, with single poste- 
rior cantilevers on each side, which were in oc- 
clusion with the maxillary prosthetic cantilevers. 
Within three years of the mandibular prosthesis 
being placed, the patient presented with root frac- 
tures of the maxillary right cuspid and the maxil- 
lary left bicuspid, due to the excessive forces now 
being placed upon these teeth (Figure 7.4). The 
patient was subsequently treated through staged 
selective extractions and implant placement, to en- 
sure that adequate support was present for a tem- 
porary fixed prosthesis throughout the course of 
therapy. Following final implant placement and 
osseointegration, an implant-supported fixed pros- 
thesis was fabricated (Figures 7.5-7.7). 

Cantilevered forces may prove destructive 
to supporting bone around implants as well. A 


Figure 7.3 The maxillary arch has been restored with a fixed prosthesis employing three cantilevers which are not in function. 
After 10 years in function, both the supporting roots and the surrounding alveolar bone are stable. 
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Figure 7.4 Within three years of placement of a mandibular prosthesis with cantilevers which occluded with the maxillary 
cantilevers, the maxillary right cuspid and left bicuspid roots fractured, undoubtedly due to the excessive forces being placed 


upon them. 


48-year-old male had two titanium plasma-sprayed 
IMZ cylinder implants placed in 1986, and restored 
with a cantilevered fixed prosthesis. The patient 
demonstrated a significant parafunctional habit, for 
which a bite appliance was prescribed and fabri- 
cated. However, the patient was unwilling to wear 
the appliance during working hours, and only uti- 
lized the appliance while sleeping. Approximately 
12 years after the implants had been restored, the 
patient presented with significant bone loss around 
both implants, despite immaculate home care 
efforts. As a result, an 8-mm-long Straumann im- 
plant was placed in the position of the cantilever. 
Following removal of the cantilever from the ex- 
isting implant prosthesis, the implant was subse- 
quently restored with a single crown (Figure 7.8). 
A radiograph taken eight years after implant 
restoration demonstrated the stability of the sup- 
porting bone both around the new implant which 
had been placed, and around the previously af- 
fected IMZ implants, albeit at a reduced level. 
No further loss of supporting bone has occurred 
around the titanium plasma-sprayed IMZ implants 
over the eight years since the cantilever was re- 
moved and function was provided through the use 
of the third implant and its subsequent restoration 
(Figure 7.9). 


Clinical Studies 


As previously noted, the studies most frequently 
quoted to support the need for longer implants 
document success and failure rates for smooth 
surfaced, screw type, hex-headed implants. Buser 
et al. demonstrated no difference in implant 


Figure 7.5 A view of the maxillary fixed prosthesis. The 
maxillary right cuspid and maxillary left bicuspid roots are 
fractured. 
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Figure 7.6 A metal frame temporary fixed splint has been -— f Nal 
placed. Note the metal occlusal stops which have been Figure 7.8 An 8-mm-long standard diameter Straumann 
included in the prosthesis. implant has been placed in the mandibular left first mo- 


lar position, beneath the cantilever of the existing implant- 
supported fixed prosthesis. Note the significant bone loss 


success rates between shorter and longer in an around the two implants supporting this prosthesis. 
eight-year life table analysis of 2,359 titanium 
plasma-sprayed Straumann implants (12). das Neves et al. (14) collated the results 
Feldman et al. (13) examined five-year sur- of 33 studies of 16,344 “Branemark type” im- 
vival rates of 2,294 rough surface Osseotite im- plants, to assess success and failure rates over 
plants, and 2,597 smooth machine-surfaced im- time. There were 786 failures in these studies, rep- 
plants. The difference in cumulative success rates resenting a failure rate of 4.8%. Implant length 
between shorter and longer rough implants was could not be correlated with implant success or 
0.7%. However, the difference in cumulative suc- failure, with one exception. 3.75-mm-wide and 7- 
cess rates for smooth versus rough surface implants mm-long smooth-surfaced, hex-headed, counter- 
was 2.2%. Implant surface is another factor to be sunk screw implants demonstrated the highest 


strongly considered in the decision to utilize shorter 
implants in various clinical situations. 


van. Lote 2S 
Figure 7.9 Eight years after cantilever removal and restora- 
tion of the Straumann implant with a single crown, the pa- 
Figure 7.7 Following sequential placement of eight os- tient is functioning in a stable manner. No further bone loss 
seointegrated implants and fixed restoration, the patient has occurred around the IMZ implants, which initially sup- 
has been afforded a stable, predictable treatment result. ported the cantilevered prosthesis. 
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failure rate (66.7%) when placed in “poor qual- 
ity” (i.e., type IV) bone. Before citing this finding 
as evidence that shorter implants represent a treat- 
ment compromise, a number of factors must be 
recognized, including: 


e The 7-mm implants were countersunk. As a 
result, following abutment connection approxi- 
mately 5.2-5.5 mm of implant was available to 
potentially osseointegrate with the surrounding 
bone. 

e Smooth-surfaced implants demonstrate a higher 
failure rate than rough-surfaced implants, regard- 
less of implant length. 

e The failure rate of smooth-surfaced implants in 
type IV bone, regardless of implant length, has 
been documented by Jaffin and Berman (15). 


With the exception of the 7-mm-long hex-headed 
implants, implant length could not be correlated 
with implant success and failure rates, even when 
utilizing smooth-surfaced implants. 

Deporter et al. (16) documented the survival 
rates of 46 mandibular overdentures, each sup- 
ported by three short Endopore implants. The cu- 
mulative survival rate 5-6 years posttherapy was 
93.4%. 

ten Bruggenkate et al. (17) demonstrated a 
cumulative success rate of 93.8% for 253 6-mm- 
long Straumann screw and hollow cylinder im- 
plants utilized to support mandibular prostheses 
for 1-7 years. 

Nedir et al. (18) performed a 7-year life ta- 
ble analysis of 528 Straumann implants. The mean 
posterior implant length was 9.90 mm. The over- 
all cumulative success rate was 99.4%. Cumulative 
success rates were not related to implant length. 

Arlin (19) evaluated 630 Straumann implants 
of various lengths placed in 264 patients. Thirty- 
five implants were 6 mm long; 141 implants were 
8 mm long; and 454 implants were 10-16 mm long. 
Two-year survival rates were 94.3, 99.3, and 97.4% 
for the 6, 8, and 10-16 mm implants, respectively. 
Arlin stated that “the results indicated that the two 
year outcome for 6 mm and 8 mm implants was 
comparable to that for longer (10-16 mm) implants 
in this patient population.” 

A publication assessing the clinical results of 
5,526 Straumann implants documented the use of 
implants of different lengths in a variety of clinical 
applications (20). The implants were followed for 
up to 72-plus months in function. The mean time in 
function was 32-plus months. Implant length had 


no influence on the reported cumulative success 
rates. 

Anitua et al. (21) reported a cumulative suc- 
cess rate of 99.2% for 532 implants of up to 7-8.5 
mm in length, after a mean time in function of 
31 months. 

Despite the plethora of articles demonstrat- 
ing success rates with shorter implants comparable 
to their longer counterparts, the literature quoted 
is not yet convincing. It is possible that, in the 
studies which have been documented, the patients 
could have been reconstructed at a reduced verti- 
cal dimension, resulting in a crown to root ratio 
more in line with the “ideal” numbers postulated 
by Wheeler in the natural dentition (i.e., 0.60 for 
maxillary teeth and 0.55 for mandibular teeth). It 
is therefore critical to assess the available literature 
regarding the influence of crown to implant ratio 
on implant success and failure rates. 

Rockni et al. (22) examined 199 implant 
which had been restored with fixed prosthesis. Im- 
plant length ranged from 5 to 12 mm. Mean crown 
to implant ratio was 1.5. The implants were in func- 
tion for an average four years. Neither crown to 
implant ratio nor implant length had any effect on 
the supporting bone levels around the implants. 

Tawil et al. (23) assessed 262 machine- 
surfaced Branemark implants in function for a 
mean time of 53 months, and found no relationship 
between crown to implant ratio and either peri- 
implant bone loss, or implant success and failure 
rates. 

Blanes et al. (24), in a 10-year prospective 
study of ITI implants in the posterior maxilla, re- 
ported a cumulative success rate of 94.1% for 192 
ITI implants restored with crown to implant ra- 
tios between 2 and 3, well in excess of the “ideal” 
crown root rations reported by Wheeler. 

In situations where significant ridge resorp- 
tion has occurred, it has often been suggested to 
either perform extensive vertical ridge augmenta- 
tion procedures, or to place long implants in an 
effort to better idealize the crown implant ratio. In 
the past, it was believed that such therapy was not 
only warranted but necessary. As a result, when a 
patient presented in 1989 with severe ridge atrophy 
and a desire to replace the missing teeth in his max- 
illary right posterior region (Figure 7.10), a 19-mm- 
long, 4-mm-wide titanium plasma-sprayed IMZ im- 
plant was placed at the time of sinus augmentation 
therapy, due to crown to implant ration concerns 
(Figure 7.11). An implant of similar length was 


Figure 7.10 A patient presented with severe ridge atrophy 
and the need to replace missing teeth in his maxillary right 
posterior region. 


Figure 7.11 A 19-mm-long, 4-mm-wide titanium plasma- 
sprayed IMZ implant was placed at the time of sinus aug- 
mentation therapy. An implant of this length was utilized 
due to crown to implant ratio concerns. Such an approach 
would not be employed today. 


planned for placement following maturation of the 
bone in the augmented sinus in conjunction with 
extraction of the mandibular right lower molar, and 
placement of two implants in this quadrant. Today, 
neither the treatment approach employed for the 
sinus augmentation therapy, nor the implant length 
utilized, should be deemed appropriate, as will be 
subsequentially explained. 


Preconditions for Shorter 
Implant Use 


A discussion of the preconditions for shorter im- 
plant use is a misguided concept. The conditions 
which must be present for shorter implant use are 
no different than those which are mandated for 
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Table 7.1 Global prerequisites of successful implant 
utilization. 


e Appropriate examination, diagnosis, and case workup 

e Development of a comprehensive treatment plan 

e Amelioration of parafunctional forces 

e Regenerative therapy, as necessary, to ensure ideal 
implant size and position 


implant therapy in general (Table 7.1). They are as 
follows: 


e It is critical that an appropriate diagnosis and 
case work up be carried out, so that a com- 
prehensive treatment plan may be formulated. 
While it is possible that a patient who presents 
with nothing more than a fractured maxillary 
incisor, and an otherwise intact dentition with 
no periodontal or occlusal concerns, may re- 
quire nothing more than clinical and radio- 
graphic examination prior to immediate im- 
plant therapy, such a situation is the exception 
rather than the rule. 

More often, patients demonstrate a 
greater degree of dental pathology, whether 
it be carious, periodontal, endodontic, or- 
thodontic, or occlusal, or a combination of a 
number of these factors. In such situations, 
the patient must undergo a thorough exam- 
ination and assessment, including facebow- 
mounted models. Periodontists, restorative 
dentists, laboratory technicians, and other 
treating dental specialists are then able to ex- 
amine these models in conjunction with clin- 
ical photographs and the information gleaned 
from their clinical examinations, to formu- 
late a comprehensive, unified treatment plan 
which addresses the patient’s specific needs 
and desires. Failure to do so will result in less 
than ideal treatment outcomes (Figures 7.12- 
7.15). 

All parafunctional forces must be recognized 
and ameliorated through appropriate equili- 
bration and/or reconstructive therapy and ap- 
pliance utilization. Failure to manage para- 
functional forces will lead to significant bone 
loss and increased implant failure, regardless 
of implant length. 

Regenerative therapy must be performed as 
necessary. Extensive ridge resorption is often 
encountered in areas where shorter implant 
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Figure 7.12 Facebow-mounted models demonstrate the 
maxillary hard and soft tissue deficiencies which must be 
managed if appropriate implant reconstructive therapy is to 
be carried out. 


placement is contemplated. Such resorptive 
patterns seldom proceed in a wholly apical 
direction. Rather, there is almost always con- 
comitant buccal and lingual/palatal ridge re- 
sorption, and thinning of the ridge. While it 
may be possible to place shorter implants in 
these narrowed ridges, either with generation 
of minor dehiscences, or with no resulting de- 


Figure 7.13 A diagnostic wax-up has been performed on 
the facebow-mounted models. The wax-up will now be cut 
back to the desired level so that a temporary prosthesis may 
be fabricated, which will serve as a regenerative guide. 


Figure 7.14 Following regenerative therapy, hard and soft 
tissues have been rebuilt to the desired levels in anticipation 
of implant placement and restoration. 


hiscences but very thin (less than 2 mm wide) 
buccal and/or lingual/palatal residual bony 
plates, such scenarios cannot be deemed sta- 
ble, regardless of implant length. There is no 
reason to expect thin, sometimes translucent, 
alveolar bone to withstand functional forces 
and maintain itself over time on the buccal or 
lingual/palatal aspects of implants. Clinicians 
can expect these areas of thin residual bone to 
resorb over time. 


It is also crucial to regenerate adequate alveolar 
ridge width for placement of ideal diameter im- 
plants in prosthetically driven positions. Placement 
of an implant narrower than one which would ide- 
ally be chosen for replacement of a given tooth in 


Figure 7.15 A metal frame temporary fixed prosthesis has 
been in place for approximately 17 months. Note that the 
prosthesis serves multiple functions, including stabilization 
of the occlusion, provision of teeth for function, and as a 
guide for both regenerative therapy and implant placement. 


an ideal prosthetic position, due to alveolar ridge 
resorption, is a significant compromise with regard 
to long-term treatment outcomes. Because forces 
applied to implants are distributed primarily to the 
crestal bone, the implant diameter is crucial to ap- 
propriate amelioration of these forces. 

A significant paradigm shift must occur in our 
definitions of appropriate implant placement and 
success. The decision process must proceed as fol- 
lows: 


e The ideal implant diameter for the tooth to be 
replaced is determined. 

e The ideal position for the selected implant is de- 
termined, through use of facebow mounted mod- 
els and waxups, when necessary. 

e A comprehensive patient workup elucidates the 
clinical steps which must be taken to attain 
such positioning of appropriate diameter implant 
(ridge augmentation therapy, orthodontics, etc.). 

e The necessary preimplant placement therapies 
are carried out. 

e The appropriately sized implant is ideally posi- 
tioned. 

e The implant is subsequently restored. 


It is only through such an approach that long-term 
treatment outcomes may be maximized. 

Hsu et al. (25) performed finite element anal- 
yses on implants at loading angles of 0, 30 and 60°. 
Each 30° increase in off angle loading increased 
stress magnitude to the bone crest three to four 
times. Placement of narrower implants at off an- 
gles, and their esthetic restoration through axial 
surgical and restorative wizardry, represents a sig- 
nificant compromise for the patient. 


Implant Characteristics to 
Maximize Prognosis 


Regardless of clinicians’ allegiances to various im- 
plant companies, the available data and common 
sense clearly demonstrate that implants should 
present with specific characteristics to maximize 
the available bone for the attainment of osseoin- 
tegration, and to contribute to predictable long- 
term implant success. Such considerations include 
(Table 7.2): 


e A roughened implant surface: Numerous au- 
thors have documented the superior degree of os- 
seointegration and the greater pull out and back 
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Table 7.2 Implant prerequisites for successful utilization. 


Roughened implant surface 

Internal abutment attachment 

Appropriate neck diameter for the tooth to be replaced 
Specific implant body configurations 


torque strengths of rough surface implants when 
compared to their smooth surface counterparts. 
It is difficult to find a rationale for the use of 
smooth surface implants in today’s clinical prac- 
tice. 


e Internal versus external attachment implants: 


Meada et al. (26) applied 30 Ncm of vertical and 
horizontal load to implants with internal or ex- 
ternal hex connections. They reported increased 
strain at the cervical area with external hex fix- 
tures, as compared to their internal hex coun- 
terparts. Meada et al. also found that the load 
was better distributed around internal hex im- 
plants than around external hex implants. These 
findings have been documented by a number 
of authors in both finite element analyses and 
histologic animal studies. Only internal attach- 
ment implants should be utilized if the clinician 
wishes to lessen peak stress levels to the crestal 
bone, and thus enhance implant prognosis. 


e Animplant with an appropriate neck diameter 


should be utilized for replacement of a given 
tooth: Considering the variety of implant config- 
urations available today, there is no reason to 
utilize an implant with an undersized neck di- 
ameter to effect tooth replacement. Such a sit- 
uation often results in a crown whose contours 
pose a greater challenge to a patient’s home care 
efforts, thus compromising long-term treatment 
outcomes. The argument that the use of a wider 
implant with a wider neck diameter would result 
in the need for buccal ridge augmentation ther- 
apy is not valid. If augmentation therapy is re- 
quired, it should be performed. Shorter implant 
use is not indicated only because it potentially 
avoids augmentation therapy. In a situation with 
an atrophic buccal ridge, shorter implant use will 
simplify augmentation therapy, allowing the clin- 
ician to perform only a buccal ridge augmen- 
tation procedure instead of buccal and vertical 
augmentation therapy. As already discussed, the 
implant body width and neck dimension should 
be chosen with consideration of the tooth to 
be replaced, not the width of available residual 
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bone. Once the appropriate implant dimension is 
selected, augmentation therapy is performed as 
needed to encompass this implant in bone of ad- 
equate dimensions to withstand functional forces 
over time. 

Specific implant configurations: While buccal 
ridge augmentation therapy should be performed 
wherever necessary to house the required wide- 
bodied implant, there is no reason to subject the 
patient to such augmentation therapy if it can 
be avoided without compromising treatment out- 
comes. When wider diameter implants were first 
introduced, they were greeted in many quarters 
as the solution to all of our problems regarding 
molar tooth replacement. Unfortunately, many 
clinicians failed to realize two important points. 
The first is that the use of a wider implant will 
often require buccal augmentation therapy due 
to the atrophic nature of the ridge, if the im- 
plant is to be placed in an ideal position rather 
than more lingually than ideally desired from a 
prosthetic point of view (Figures 7.16-7.18). The 
second consideration, which has already been 
discussed, is the fact that placement of a wider 
implant, even if it does not generate a fenes- 
tration or dehiscence, may result in a very thin 
buccal and/or lingual/palatal bone plate which 
will resorb relatively quickly under function. The 
value of specific implant configurations is eas- 
ily demonstrated when considering the replace- 
ment of a mandibular molar. If an implant is 
placed at the time of mandibular molar extrac- 
tion, two basic implant configurations may be 


Figure 7.17 Placement of a wide-bodied implant in the ap- 
propriate position results in a significant buccal dehiscence. 


utilized. The first is a tapered end configura- 
tion which has a narrower base, and begins to 
flare to final restorative platform (in the case of a 
Straumann implant to 6.5 mm) significantly sub- 
crestal. The second configuration to be utilized 
is an implant with a paralled wall 4.8-mm-wide 
body, which only begins to flare to its 6.5-mm- 
wide restorative platform at the osseous crest. 
Utilization of either of these implants, with ap- 
propriate regenerative therapy to rebuild bone in 
the residual extraction socket defect surround- 
ing the implant, will result in thick buccal and 
lingual bony plates to help withstand functional 
forces over time (Figures 7.19 and 7.20). 


Figure 7.16 A patient presents with an atrophic mandibular 
ridge. 


Figure 7.18 Regenenerative therapy is necessary to re- 
build bone over the dehisced portion of the implant. 


Figure 7.19 A tapered end implant which has a narrow 
“apex,” and begins to flare to the final restorative platform 
of 6.5 mm subcrestally, is placed at the time of molar ex- 
traction. 


Figure 7.20 A parallel-walled 4.8-mm-diameter implant is 
placed at the time of mandibular molar extraction. This im- 
plant begins to flare to the final restorative platform of 6.5 
mm at the osseous crest. 


Figure 7.21 A tapered end implant which begins to flare to 
the final restorative diameter subcrestally has been placed 
in an atrophic mandibular molar region. Note the thinner 
buccal and lingual bone remaining around the implant. 


Figure 7.22 A 4.8-mm-diameter parallel-walled implant 
which begins to flare to the final restorative platform of 6.5 
mm at the osseous crest has been placed in an atrophic 
mandibular molar region. Note the thicker bone buccally 
and palatally, as compared to when a tapered end implant, 
which begins its flaring subcrestally, was placed. 
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This is not the scenario encountered when an im- 
plant is to be placed where a mandibular molar 
has been missing for some time and the expected 
ridge atrophy has occurred. In such a situation, if 
a tapered implant is utilized which begins to flare 
to the final restorative platform dimension subcre- 
stally, the result is often a thin buccal and/or lin- 
gual bony plate which is susceptible to resorption 
over time. The Straumann implant design of a 4.8- 
mm_-wide body which has parallel walls subcre- 
stally, and begins to flare to the 6.5-mm-wide neck 
at the osseous crest offers significant advantages in 
such areas. When utilizing this configuration in an 
atrophic ridge, the result is thicker buccal and lin- 
gual bony plates at the neck of the implant, the area 
of the greatest stress concentration under function. 
In these situations, this configuration is by far the 
most advantageous implant design to utilize (Fig- 
ures 7.21 and 7.22). 


CLINICAL APPLICATIONS OF SHORTER 
IMPLANT USE 


For the purpose of discussion, Straumann type im- 
plants of 6, 7, 8, and 9 mm in length will be con- 
sidered short implants. It is important to realize 
that these measurements represent the roughened 
surface of the implant. The measurements do not 
include the polished implant neck which, except in 
the instances of the need to countersink an implant 
due to esthetic considerations, is not countersunk. 
Thus, the available bone is more effectively uti- 
lized to support the implant than in a countersunk 
situation. For example, if an 8-mm-long Straumann 
implant is utilized with a 1.8-mm-long polished col- 
lar, and is not countersunk, no crestal bone cup- 
ping occurs at the time of abutment connection. All 
8 mm of available bone potentially may be utilized 
to support the implant body. 

In contrast, if a hex-headed implant is 
placed in a countersunk manner, approximately 
1.2-1.6 mm of crestal cupping occurs following 
abutment connection. This means that an 8-mm 
countersunk hex-headed implant is at most engag- 
ing approximately 6.5 mm of bone to lend support 
over time under function. 


Shorter Implant Use in the 

Posterior Mandible 

Three hundred fifteen standard neck ITI implants 
were placed in atrophic posterior mandibular ar- 


eas, and followed for up to 84 months in function, 
with a mean time in function of 36.2 months (27). 
Four implants were mobile at uncovery, and one 
implant was lost during the first 12 months of func- 
tion, yielding a cumulative success rate of 98.4%. 
Implant size and duration of time in function are 
noted in Table 7.3. 

While this cumulative implant success rate 
was comparable to that reported for longer im- 
plants in function in the posterior mandible, the ac- 
tual cumulative success rate of the shorter implants 
in function over this mean time of 36.2 months was 
99.7% when the four implants mobile at uncovery 
are excluded. Implants mobile at uncovery cast no 
reflection up on the ability or inability of shorter 
implants to withstand functional forces over time. 
Implants are mobile at uncovery for two reasons 
in a healthy patient. Either forces generated by 
an overlying prosthesis were not controlled dur- 
ing the initial stages of osseointegration, resulting 
in excessive micromotion of the implant; or the 
surgical therapy performed for a given site gener- 
ated too much trauma, heat, osteotomy widening, 
etc. 

While it is important to report implants mo- 
bile at uncovery for appropriate statistical analysis 
of implant success and failure, it is inappropriate to 
consider such implants when deciding whether or 
not shorter implants may be used as alternatives 
to their longer counterparts in a given situation. 
Rather, efforts should be made to develop modified 
surgical techniques to avoid excessive traumatiza- 
tion of the osteotomy site during preparation. 

Shorter implants are routinely utilized to re- 
place missing mandibular posterior teeth with 
abutments and single crowns. Figure 7.23 demon- 
strates the use of an 8-mm-long, wide body, stan- 
dard neck Straumann implant to replace a missing 
first molar. Anterior to this implant is a stan- 
dard body, standard neck 10-mm-long Straumann 
implant, also restored with an abutment and single 
crown (Figure 7.24). The implant crowns are not 
splinted. Implant crowns are only splinted together 
when there is a pontic between them. 

Figure 7.25 demonstrates radiographic stabil- 
ity of crestal peri-implant bone around two 8-mm- 
long tapered end Straumann implants utilized to 
restore a missing mandibular second bicuspid and 
first molar respectively, three years after restora- 
tion. 

Shorter implants may also be successfully uti- 
lized to support a fixed prosthesis, as noted in 
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Table 7.3 Cumulative implant success rates for standard neck short implants restored as single crowns in the posterior 


mandible. 

Months after Implants 

abutment beginning of Failures during Interval failure Cumulative Cumulative 

connection interval interval rate failure rate success rate 
0-12 315 5 1.6 1.6 98.4 

13-24 275 0 0 1.6 98.4 

25-36 240 0 0 1.6 98.4 

37-48 165 0 0 1.6 98.4 

49-60 74 0 0 1.6 98.4 

61-72 23 0 0 1.6 98.4 

73-84 13 0 0 1.6 98.4 


Figure 7.26. A 6-mm-long standard neck Strau- 
mann implant serves as the distal abutment for 
a fixed bridge, and an 8-mm-long standard neck 
Straumann abutment serves as the mesial abut- 
ment for the three-unit fixed prosthesis. This pros- 
thesis has been in function for over five years, with 
no change in bone crest levels around either of the 
implants. 

Two hundred twenty-nine standard diameter, 
standard neck Straumann implants were utilized 
to restore 114 fixed prostheses in the mandibular 
posterior regions. One hundred thirteen of these 
prostheses were three-unit prostheses made up of 


Figure 7.23 A radiograph taken four years postinsertion 
of 8- and 10-mm-long Straumann implants, replacing a 
mandibular molar and bicuspid respectively, demonstrates 
stable crestal peri-implant bone levels. 


two implant crowns and a pontic. One prosthesis 
was a five-unit prosthesis made up of three im- 
plant crowns with two pontics between the ter- 
minal abutments and the center implant. The im- 
plants were followed for a mean time in function of 
40.5 months. Three implants were mobile at abut- 
ment connection, and one implant was lost during 
the 25-36 months in function interval, yielding a 
cumulative success rate of 98.1%. If the implants 
mobile at abutment connection were excluded from 
the calculations, so as to more accurately assess the 
ability of shorter implants to support a fixed pros- 
thesis and withstand functional forces over time, 


Figure 7.24 A clinical view of the implants in place. 
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Figure 7.25 A radiograph demonstrates stability of the cre- 
stal peri-implant bone around two 8-mm-long tapered end 
Straumann implants utilized to restore a missing mandibu- 
lar second bicuspid and first molar respectively, three years 
after restoration. Note the incomplete seating of the co- 
mented crown on the implant in the first bicuspid position. 


the cumulative success rate of the shorter implants 
under function in such an application was 99.6% 
(Table 7.4). 

Clinicians have advocated utilization of pros- 
theses with reduced occlusal tables buccolingually, 
and in the case of terminal abutments mesiodis- 


Figure 7.26 A 6-mm-long standard diameter Straumann 
implant has been utilized as a terminal abutment for a 
three-unit fixed splint in the mandibular posterior region. A 
radiograph taken 42 months after restoration demonstrates 
peri-implant crestal bone stability. 


tally, to lessen the magnitudes of functional and 
parafunctional forces, when shorter implants are 
restored. However, such an approach results in less 
reattainment of functional capabilities for the pa- 
tient following therapy, and must be viewed as a 
compromise. 

A more appropriate approach, assuming it 
demonstrates an acceptable level of success under 
function, is to utilize a shorter implant with a wider 
prosthetic platform, so as to incorporate a crown of 
appropriate dimensions to ideally replace the func- 
tion which has been lost. Figures 7.27 and 7.28 
demonstrate the transition to this type of concept. 
The initial implant was placed in the second molar 
position over 10 years ago. At that time, a stan- 
dard diameter implant was placed, and restored 
with a solid abutment and a reduced occlusal ta- 
ble as previously described. The patient lost the 
first molar subsequent to this care and had it re- 
placed 5.8 years ago with an 8-mm-long wide neck 
Straumann implant, which affords a 6.5-mm-wide 
restorative implant. The implant was restored with 
a solid abutment and a crown with an occlusal table 
of sufficient dimensions to replace all lost function 
for the patient. 

Utilization of this approach is not limited to 
8 mm or longer wide platform Straumann implants. 
Seven hundred twenty-two wide platform Strau- 
mann implants of 6-8 mm in length were restored 
with solid abutments and single crowns, and fol- 
lowed for a mean time of 28.5 months in function. 
Two implants were mobile at abutment connec- 
tion. No implants were lost during function for up 
to 72 months, demonstrating a cumulative success 
rate under function of 99.9% (Table 7.5). These 
implants were not only utilized in “protected” sit- 
uations where either a restored or natural tooth 
bordered each side of the implant in question. As 
evidenced in Figure 7.29, short, wide platform 
Straumann implants were also employed in termi- 
nal molar positions, and restored with abutments 
and single crowns. 


Implant Placement at the Time of 
Mandibular Molar Extraction 

As will be discussed in Chapter 9, wide platform 
and/or wide diameter implants are often placed 
at the time of mandibular molar extraction, in 
conjunction with appropriate regenerative therapy. 
Such an approach lessens the number of surgical 
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Table 7.4 Cumulative implant success rates for short implants utilized as abutments for fixed prostheses in posterior 


mandible. 

Months after Implants 

abutment beginning of Failures during Interval failure Cumulative Cumulative 

connection interval interval rate failure rate success rate 
0-12 229 3 1.3 1.3 98.7 

13-24 181 0 0 1.3 98.7 

25-36 156 1 0.6 1.9 98.1 

37-48 110 0 0 1.9 98.1 

49-60 70 0 0 1.9 98.1 

61-72 20 0 0 1.9 98.1 

73-84 7 0 0 1.9 98.1 


sessions for the patient, and contracts the overall 
time of therapy. 

Two hundred eighty-three wide platform 
Straumann implants of various lengths were placed 
at the time of mandibular molar extraction, and 
followed for a mean time of 36.4 months in func- 
tion (27). Of the 283 implants placed, 204 were 
8 or 9 mm in length, and 79 were 10 or 12 mm 
in length. The mean time in function for the 8 


Figure 7.27 An 8-mm-long standard diameter Straumann 
implant has previously been replaced and restored with 
a single crown in the mandibular second molar position. 
This radiograph demonstrates both the stability of the cre- 
stal bone around the implant 84 months after restora- 
tion, and the fact that the first molar has now been 
lost. 


or 9 mm length implants was 36.5 months. The 
mean time in function for the 10- or 12-mm-long 
implants was 34.7 months. The overall cumula- 
tive success rate of these implants in function 
was 98.7%. 

In the 8- to 9-mm-long implant group, one 
implant was mobile at the time of abutment con- 
nection and one implant was lost in function during 
the 25- to 36-month time interval, yielding a cumu- 
lative success rate of 98.5%. The 10- to 12-mm- 
long implant group demonstrated one implant mo- 
bile at the time of abutment connection. No other 


Figure 7.28 An 8-mm-long Straumann implant with a 4.8- 
mm-wide body and a 6.5-mm-wide restorative platform has 
been inserted and restored to replace the missing mandibu- 
lar first molar. 
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Table 7.5 Cumulative implant success rates for short wide platform implants restored with single crowns in the posterior 


mandible. 

Months after Implants 

abutment beginning of Failures during Interval failure Cumulative Cumulative 

connection interval interval rate failure rate success rate 
0-12 722 1 0.1 0.1 99.9 

13-24 578 0 0 0.1 99.9 

25-36 416 0 0 0.1 99.9 

37-48 246 0 0 0.1 99.9 

49-60 93 0 0 0.1 99.9 

61-72 20 0 0 0.1 99.9 


implants were lost in function, yielding a cumula- 
tive success rate of 98.7%. The difference between 
the cumulative success rates for the two groups was 
not statistically significant (Tables 7.6 and 7.7). 


Shorter Implant Utilization in Maxillary 
Posterior Areas 
The use of 9 mm or shorter noncountersunk Strau- 
mann implants in the posterior maxilla has previ- 
ously been documented (28). 

Nine hundred eighty-seven implants replaced 
missing maxillary molars and were restored with 
solid abutments and unsplinted single crowns. The 


Figure 7.29 A radiograph taken 72 months after restora- 
tion of a wide platform 8-mm-long Straumann implant in 
the position of the mandibular second molar demonstrates 
stability of the peri-implant crestal bone. 


implants were followed for up to 84 months in func- 
tion with a mean time in function of 29.3 months, 
yielding a cumulative success rate in function of 
95.1%. Followed to the present day, and includ- 
ing implants placed since this publication, a total 
of 1,757 implants have been placed and restored 
with solid abutments and single crowns in intact 
arches, in maxillary molar positions, of lengths be- 
tween 6 and 12 mm. The cumulative success rate 
of the implants in function was 95.7%. 

Figure 7.30 demonstrates the stability of the 
peri-implant crestal bone around an 8-mm-long 
standard diameter Straumann 84 months after its 
placement and restoration in a maxillary first molar 
position. 

As will be discussed in Chapter 8, implants 
of various lengths are often placed in conjunc- 
tion with trephine and osteotome use to implode 
a core of the residual bone crestal to the floor of 
the sinus. A paper published in 2002 (29) docu- 
mented the cumulative success and failure rates of 
116 Straumann implants 6, 7, 8, 9, 10, or 11 mm 
long which were placed at the time of trephine 
and osteotome utilization. The implants demon- 
strated a cumulative success rate of 98.3% under 
function. 

Data that examine implants placed in such 
situations up to the present time, as well incorpo- 
rating the implants placed at the time of previous 
publication, demonstrate that 306 implants 6, 7, 8, 
or 9 mm long, placed at the time of trephine and 
osteotome use and restored with single crowns, 
have been in function for up to eight years with 
a meantime in function of 30.9 months. The cumu- 
lative success rate of these implants in function is 
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Table 7.6 Cumulative implant success rates for short, wide platform implants placed at the time of mandibular molar 


extraction and restored with single crowns. 


Months after Implants 
abutment beginning of Failures during 
connection interval interval 
0-12 204 1 
13-24 153 0 
25-36 113 1 
37-48 94 0 
49-60 52 0 
61-72 23 0 


Interval failure Cumulative Cumulative 
rate failure rate success rate 
0.5 0.5 99.5 

0 0.5 99.5 

1.0 1.5 98 

0 1.5 98.5 

0 1.5 98.5 

0 1.5 98.5 


99.0% (27). During the same time frame, the cumu- 
lative success rate of 10- and 11-mm-long implants 
placed at the time of trephine and osteotome use 
and restored with single crowns is 98.9%. There 
is no statistically significant difference between 
the cumulative success rates of the two groups, 


which have been separated based upon implant 
length. 

Ferrigno et al. (30) assessed 588 Straumann 
implants of 8, 10, and 12 mm lengths restored 
with abutments and single crowns, over a mean 
observation time of 60 months. The cumulative 


Table 7.7 Cumulative success rates for wide platform implants placed at the time of mandibular molar extraction and 


restored with single crowns. 


Months after Implants 
Implant abutment beginning of Failures during Interval failure Cumulative Cumulative 
length connection interval interval rate failure rate success rate 
8-9 mm 0-12 204 1 0.5 0.5 99.5 
13-24 153 0 0 0.5 99.5 
25-36 113 1 1.0 1.5 98.5 
37-48 84 0 0 1.5 98.5 
49-60 52 0 0 1.5 98.5 
61-72 23 0 0 1.5 98.5 
10-12 mm 0-12 79 1 1.3 1.3 98.7 
13-24 72 0 0 1.3 98.7 
25-36 47 0 0 1.3 98.7 
37-48 21 0 0 1.3 98.7 
49-60 8 0 0 1.3 98.7 
61-72 2 0 0 1.3 98.7 
Total 0-12 283 2 0.7 0.7 99.3 
13-24 225 0 0 0.7 99.3 
25-36 160 1 0.6 1.3 98.7 
37—48 105 0 0 1.3 98.7 
49-60 60 0 0 1.3 98.7 
61-72 25 0 0 1.3 98.7 
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Figure 7.30 An 8-mm-long, standard diameter Straumann 
implant has been restored in a maxillary first molar posi- 
tion. A radiograph taken 84 months after restoration demon- 
strates the stability of the crestal peri-implant bone. 


success rates noted were 88.9% for the 8-mm- 
long implants; 90.5 % for the 10-mm-long implants; 
and 93.4% for the 12-mm-long implants. Although 
the authors stated that there was no difference in 
cumulative success rates between the various im- 
plant lengths, the difference between 88.9% and 
93.4% could certainly give pause to the utilization 
of a specific treatment modality or implant length. 
However, as previously mentioned, such discrep- 
ancies have not been discovered following exami- 
nation of the other clinical data presented. 


Shorter Implant Utilization at the Time 

of Maxillary Molar Extraction 

A previous publication documented the placement 
of implants in the manipulated interradicular bone 
at the time of maxillary molar trisection and ex- 
traction (31). The implants documented were 10, 
12, and 14 mm in length, and of a specific design 
with a 4.1-mm-wide “apex,” a tapering body, anda 


6.5-mm-wide restored platform. Subsequent ex- 
amination of all implants placed at the time of 
maxillary molar insertion documents the results 
of 297 implant placements (32). Two hundred 
nine of these implants were 10, 12, or 14 mm 
long and were of the aforementioned tapered de- 
sign. However, 88 of these implants were 8-mm- 
long implants with a 4.8-mm-wide nontapered 
body and a 6.5-mm-wide restorative platform. 
The mean time in function for all implants was 
18.9 months. The mean time in function for the 
8-mm-long implants was 20.6 months, while the 
mean time in function for the implants of 10, 12, 
and 14 mm lengths was 18.3 months. No implants 
from either group were lost during function. 


Conclusions 


There is no doubt that both finite element anal- 
yses and available clinical data support the use 
of shorter implants, where it will prove advanta- 
geous to the patient with regard to simplification 
of therapy and lessening of the time of the overall 
course of treatment. However, as with any treat- 
ment modality, utilization of shorter implants must 
be grounded in a framework of a comprehensive 
treatment plan and an understanding of the spe- 
cific challenges of each patient’s care. 

Severe osteoporosis, the presence of a 
nonideal maxillomandibular occlusal relationship 
which cannot be treated through orthodontics 
and/or surgical correction due to either structural 
or patient-imposed limitations, or the presence of 
a significant parafunctional habit, are all comor- 
bidities which may mandate the use of significant 
regenerative therapy, longer implants, and possible 
splinting of implants. 

The challenge is not to decide whether or not 
shorter implants may be successfully utilized in the 
majority of situations; they may. Rather, the chal- 
lenge facing the conscientious clinician is to iden- 
tify those situations where such utilization is ap- 
propriate, and the instances where other avenues 
of therapy must be explored. 
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Flow chart 7.1 Assessing the feasibility of shorter implant use. 
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Implant placement and regenerative therapy at the 
time of removal of maxillary multirooted teeth of- 
fers the potential to lessen both the number of 
surgical sessions for the patient and the overall 
length of treatment to be performed. However, 
such a treatment option should only be utilized 
if the final treatment outcomes are not compro- 
mised as compared to more conventional treatment 
approaches, which include tooth extraction with 
simultaneous augmentation therapy followed by 
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implant placement 6-8 months later, and subse- 
quent implant restoration. 

As with other treatment approaches, a fun- 
damental need in order to appropriately assess 
treatment outcomes is standardization of the def- 
initions of successful therapy. Numerous authors 
have demonstrated the ability of implants imme- 
diately placed in single- or multirooted extraction 
sockets to attain predictable osseointegration in 
the presence or absence of various grafting ma- 
terials, depending on the specific clinical situation. 
Lazzara (1) first documented such therapy in 1989. 
Included in the cases presented by Lazzara was 
insertion of an implant in the maxillary bicuspid 
site at the time of tooth extraction. Clinical reen- 
try demonstrated osseointegration, and “fill” of the 
residual extraction socket defect surrounding the 
implant. However, while the treatment presented 
certainly resulted in an osseointegrated implant ca- 
pable of bearing the planned restoration, it revealed 
a number of potential concerns, including the fact 
that the buccal and palatal walls of the alveolus had 
demonstrated some resorption despite the place- 
ment of a covering membrane. In addition, the im- 
plant had been placed subcrestally, a position now 
advocated by few practitioners and implant man- 
ufacturers. Nevertheless, Lazzara’s paper led the 
way to further exploration of the possibilities of 
implant placement at the time of tooth removal. 

Unfortunately, implant placement has all too 
often been dictated by the residual extraction 
socket morphology. Nowhere is this more evident 
than when discussing implant placement in extrac- 
tion sockets of multirooted teeth. Schwartz-Arad et 
al. (2) reported on the placement of implants at 
the time of maxillary molar extraction, and their 
subsequent restoration with single crowns. While 
they reported that all implants were functioning 
successfully, this definition of success was limited 


to short-term implant stability (i.e., maintenance 
of bone levels around the implants and lack of 
clinical mobility). The one clinical case presented 
in the paper demonstrated the fact that the implants 
were placed in the palatal root sockets at the time 
of tooth removal and angled toward the buccal, 
so that crowns could be fabricated in acceptable 
restorative positions. While these implants demon- 
strated stability under early function, such an ap- 
proach is certainly not ideal. The patient is left 
with a potential hindrance to plaque control efforts 
due to the necessary buccal cantilever of the im- 
plant restoration. In addition, the severe off-angle 
forces being placed upon the implant during occlu- 
sion and any possible parafunction which may be 
present are not desirable, if they can be avoided. 

Any definition of success utilized to assess 
various treatment approaches for implant place- 
ment at the time of extraction of multirooted max- 
illary teeth must include the need to place the im- 
plants in ideal restorative positions. The implants 
must be placed in the exact positions they would 
occupy if being inserted into intact ridges rather 
than fresh, multirooted extraction sockets. 

The challenge is not only to develop the tech- 
nical means by which to effect such insertion. As 
important is the utilization of appropriate diagnos- 
tic techniques and acumen to recognize situations 
in which it is more prudent to effect regeneration 
at the time of tooth removal, and reenter the site 
once regeneration has been completed to insert the 
implant in the rebuilt alveolar ridge. 

Finally, the conscientious clinician must rec- 
ognize situations in which he or she is unable to 
predict the ability to immediately insert the implant 
until the time of tooth removal. This information 
must be communicated to the patient prior to initi- 
ation of care, and each possible course of therapy 
must be discussed and explored with the patient. 
Failure to do so will result in misunderstandings 
and a potential compromise in both treatment out- 
comes and patient experience. 


Augmentation and Implant 
Placement Following Tooth 
Extraction in the Posterior Maxilla 


A variety of treatment options present themselves 
at the time of tooth extraction in the posterior max- 
illa, including the following: 
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. Augmentation of the extraction socket defect 
utilizing particulate material and a secured 
covering membrane: This option may be man- 
dated when faced with one or more of the 
following: 

(a) Anticipated implant placement and 
restoration within the patients es- 
thetic zone, in the face of a severely 
compromised buccal alveolar ridge. 

(b) Anticipated implant placement in an ex- 
traction socket defect with inadequate 
residual interradicular bone for fixation of 
the implant in the desired restorative po- 
sition, as a result of root morphology or 
pathologic bone destruction. 

(c) Anticipated implant placement in a resid- 
ual extraction socket that is too wide 
to stabilize the implant in the desired 
restorative position. 

2. Implant placement in a residual extraction 
socket defect, followed by utilization of ap- 
propriate particulate materials and covering 
membranes to facilitate regeneration of alve- 
olar bone in the residual extraction socket de- 
fect surrounding an appropriately sized im- 
plant. 

. Implant placement in the extraction socket, 
following implosion of a core of autogenous 
bone apical to the extraction socket utiliz- 
ing previously described techniques: Partic- 
ulate materials and a covering membrane are 
placed around the implant to facilitate regen- 
eration of alveolar bone in the residual extrac- 
tion socket defect surrounding the implant. 

4. Lateral sinus augmentation therapy and aug- 
mentation of the residual extraction socket 
defect utilizing particulate material and mem- 
branes, as described in Chapter 6. 

. Lateral sinus augmentation therapy with si- 
multaneous implant placement and regener- 
ation of alveolar bone in the residual extrac- 
tion socket defect surrounding the implant, 
utilizing appropriate particulate material and 
covering membranes. 


ios) 


wn 


Although use of various materials and techniques 
to effect augmentation of extraction socket defects 
has been documented, it is nevertheless important 
to establish definitions of success when employing 
such a therapeutic approach. Regenerating alve- 
olar bone in the extraction socket defect, while 
predictable with a variety of approaches, does 
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not always comprehensively address the area to 
be treated. A comprehensive definition of success 
following augmentation of extraction socket defects 
must include both regeneration of bone within the 
body of the extraction socket and regeneration of 
the prepathologic alveolar ridge morphology, in- 
cluding the buccal and palatal and/or lingual alve- 
olar ridge line angles. Such an approach affords the 
necessary alveolar ridge morphology for support 
of the soft tissue drape of esthetics around a re- 
stored implant. While this approach mandates spe- 
cific flap designs and material utilization, it dimin- 
ishes and often eliminates the need for secondary 
soft tissue grafting procedures, maximizes esthet- 
ics treatment outcomes, and allows placement of 
appropriate diameter implants in ideal positions. 

The placement of implants at the time of tooth 
extraction in the posterior maxilla is highly patient 
and site-specific. The first determination that must 
be made is the minimum implant dimensions nec- 
essary in the context of a given treatment plan for a 
specific patient. Once these parameters have been 
established, it must be decided whether or not suc- 
cessful placement of an implant of the desired di- 
mensions in a specific situation is feasible. 

The second decision is site-specific and is de- 
pendent upon the tooth to be replaced and the mor- 
phology of the residual alveolar housing of the ex- 
traction socket, including the interradicular bone. 
This interradicular bone should be maintained 
whenever possible. Such maintenance is signifi- 
cantly enhanced by sectioning all multirooted teeth 
to be extracted, and removing each root individ- 
ually following gentle utilization of piezosurgery, 
periotomes, and elevators. A further advantage of 
sectioning the tooth and removing each root sepa- 
rately is the significantly decreased chance of root 
tip fracture. The apical extents of the roots of most 
multirooted teeth demonstrate significant curva- 
ture, often in directions which are mutually exclu- 
sive from removal as one unit without significant 
bone resection. Sectioning the tooth into individual 
roots allows each root to be removed along the path 
most conducive to its extraction without fracture. 


Augmentation Without 
Simultaneous Implant Placement 


If adequate bone is not present in the appropriate 
areas to allow ideal implant positioning following 
tooth removal, implant placement should not be at- 


tempted. Neither the patient nor the clinician bene- 
fits from a malpositioned implant. Rather, it is bet- 
ter to regenerate the prepathologic alveolar ridge 
morphology as previously discussed, and place the 
implant in a reconstructed ridge at a second surgi- 
cal visit. 

Effecting such regenerative therapy in a max- 
illary bicuspid region, and ensuring the attainment 
and maintenance of soft tissue primary closure 
throughout the course of regeneration, is a highly 
predictable treatment approach which will result 
in regeneration of the prepathologic alveolar ridge 
morphology, and covering soft tissues of sufficient 
thickness to help maximize final esthetic treatment 
outcomes. Useful flap designs, criteria for mem- 
brane selection, and graft utilization have all been 
discussed in detail in Chapter 2. 

Augmentation following extraction of a maxil- 
lary first bicuspid should not be viewed as merely a 
means to obtain fill of the extraction socket defect 
and rebuild the buccal and palatal line angles of 
the alveolar ridge. If such regeneration will result 
in inadequate height of bone for placement of an 
implant of a desired length in a specific clinical sit- 
uation, apical augmentation should be performed 
during the same visit. This apical augmentation is 
easily effected through the use of trephines and 
osteotomes as previously described, or osteotomes 
alone if the most apical extent of the extraction 
socket approaches or is contiguous with the floor 
of the sinus. Following implosion of an alveolar 
core where appropriate, or gentle reshaping and 
lifting of the floor of the sinus through osteotome 
use alone, graft materials are placed and a cover- 
ing membrane, selected according to defect mor- 
phology is secured with fixation tacks as already 
discussed. The net effect of this therapy will be not 
only complete regeneration of prepathologic ridge 
morphologies, but also provision of additional 
height of bone for placement of a longer implant. 


Implant Placement at the Time 
of Extraction of Two-Rooted 
Maxillary Bicuspids 


A two-rooted maxillary bicuspid presents a unique 
challenge to implant placement following mesiodis- 
tal hemisection and separate removal of the buccal 
and palatal roots. The residual interradicular bone, 
while too thin to provide a set point for osteotomy 


preparation, is usually of sufficient thickness to 
guide the bur into either the buccal or palatal root 
socket. Neither location is ideal for placement of 
the planned implant. An implant placed in the 
palatal root socket will necessitate the need to fab- 
ricate a crown with a large buccal cantilever, which 
represents a potential plaque control and force dis- 
tribution compromise. Placement of the implant in 
the buccal root socket will often lead to compro- 
mise of the buccal alveolar bone, and a less than 
ideal final esthetic result (Flow chart 8.1). 

Such problems are easily overcome as fol- 
lows. 

Two-rooted maxillary bicuspids are hemi- 
sected, and each root is atraumatically extracted. 
A Rongeur is utilized to remove the often problem- 
atic interradicular bone, providing a stable base for 
osteotomy preparation (3). This bone is placed in 
sterile saline for future utilization. Therapy now 
proceeds in one of four manners: 


(a) If adequate bone height is present crestal to 
the floor of the sinus for placement of an 
implant of the desired size, implant place- 
ment is carried out. The osseous coagulum 
that was collected during osteotomy prepara- 
tion and the previously removed interradic- 
ular bone are packed around the implant in 
the residual extraction socket defect. If the 
buccal and palatal extraction socket walls are 
not compromised, a bone swaging technique 
is utilized to implode the coronal 3 mm of 
the buccal and palatal extraction socket 
ridges against the implant. No covering 
membrane is placed (Figures 8.1-8.9). How- 
ever, if a bone swaging technique cannot be 


Figure 8.1 A maxillary first bicuspid has been hemisected 
and extracted. 
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Figure 8.2 An occlusal view demonstrating the position of 
the interradicular bone and the buccal and palatal root ex- 
traction sockets. 


Figure 8.3 A Rongeur is utilized to remove the interradic- 
ular bone. This bone is placed in sterile saline for further 
use. 
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Figure 8.4 A view of the extraction socket with the inter- 

radicular bone removed. A stable base is now present for 

osteotomy preparation in an ideal position. Figure 8.6 An implant is placed in an ideal position within 
the extraction socket. Narrow implants are not utilized in 
maxillary bicuspid extraction sockets. 


Figure 8.7 An occlusal view demonstrating the diameter of 
the neck of the implant in relation to the extraction socket 
morphology. 


Figure 8.5 Osteotomy preparation is carried out in the con- 
ventional manner. 


Figure 8.8 After a combination of the removed interradicu- 
lar bone and osseous coagulum collected during osteotomy 
preparation are packed into the residual extraction socket 
defect, an osteotome is employed to perform a bone swage 
on the most crestal aspects of the buccal and palatal ex- 
traction socket walls. 


utilized due to buccal or palatal extraction 
wall compromise, a covering membrane is 
placed according to previously described cri- 
teria. 

(b) If adequate bone height is not present cre- 
stal to the floor of the sinus for placement 
of an implant of the desired length, but 2x-2 
is an adequate dimension for implant place- 
ment, with x equalling the apicocrestal di- 
mension of the bone crestal to the floor 
of the sinus, the residual bone crestal to 
the floor of the sinus is imploded utilizing 
an osteotome and trephine technique, and 
the implant is placed. Once again, particu- 
late material, bone swaging and/or possible 
membrane use are employed as already de- 
scribed. 

(c) If 2x-2 is not an adequate dimension for the 
length of the implant to be placed, but 4x-6 
is an adequate dimension for the implant to 
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Figure 8.9 A view demonstrating the graft material in place 
and the swaged buccal and palatal crestal bone. 


be placed, an osteotome and trephine tech- 
nique are employed as previously described, 
in conjunction with augmentation of the ex- 
traction socket defect utilizing particulate 
material and an appropriate secured, cover- 
ing membrane. The area is reentered eight 
weeks later and an osteotome and trephine 
technique is once again utilized to implode 
the bone crestal to the floor of the sinus. The 
implant is placed at this time. It is rare to 
utilize the “double external sinus augmen- 
tation” technique in the maxillary bicuspid 
region. 

(d) If 4x-6 is not an adequate dimension for the 
desired size of the implant to be placed, a lat- 
eral approach sinus augmentation procedure 
is carried out with concomitant augmenta- 
tion of the extraction socket defect utilizing 
appropriate materials. The area is reentered 
4-6 months after augmentation, depending 
upon the extent of augmentation which was 
necessary, and implant placement is com- 
pleted. 


AUGMENTATION AND IMPLANT 
PLACEMENT AT THE TIME OF 
EXTRACTION OF MAXILLARY MOLARS 


Once again, it is imperative to ensure that implant 
placement at the time of removal of multirooted 
maxillary molars is effected in an ideal prosthetic 
position. If the final implant position will be less 
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than ideal due to the residual extraction socket 
morphology, inadequacies in the techniques uti- 
lized, or a combination of both, regeneration must 
first be carried out, and the implant placed in a sec- 
ond surgical visit. In such a situation, all diagnos- 
tic criteria and technical considerations discussed 
in Chapter 2 apply, and are aimed at regeneration 
of prepathologic alveolar ridge morphologies (Flow 
chart 8.2). 


AUGMENTATION AT THE TIME OF 
MAXILLARY MOLAR EXTRACTION 


If inadequate bone is present interradicularly to al- 
low stabilization of an implant in an ideal position 
following sectioning and extraction of a maxillary 
molar, therapy proceeds as follows. The tooth to 
be extracted is hemisected, and each root is re- 
moved individually, taking care to preserve the in- 
terradicular bone wherever possible (Figure 8.10). 
Following defect debridement, a trephine is chosen 
of sufficient diameter to encompass the interradicu- 
lar bone (Figure 8.11). This trephine is placed over 
the interradicular bone (Figure 8.12), and an os- 
teotomy is prepared to within 1 mm of the sinus 
floor (Figure 8.13). If the clinician is unsure of a 
safe depth to which to prepare the osteotomy as a 
result of invagination of the sinus membrane be- 
tween the extracted roots of the molar in question, 
an osteotome is applied to the interradicular bone 
prior to trephine utilization, and gently malleted. If 
implosion of the residual interradicular bone can be 
effected without use of a trephine in this manner, 


Figure 8.10 A maxillary molar has been trisected and the 
roots have been extracted individually, with care being taken 
to preserve the residual interradicular bone. 


Figure 8.11 A trephine is chosen of sufficient diameter to 
encompass the interradicular bone. 


Figure 8.12 The trephine is placed over the interradicular 
bone. 


Figure 8.13 An osteotomy is prepared to within 1 mm of 
the sinus floor. 


the interradicular bone is imploded to a depth 1 mm 
less than the apices of the adjacent root sockets. 
However, if the interradicular bone proves immo- 
bile in the face of gentle osteotome malleting with- 
out trephine utilization, a trephine is employed as 
described, and an osteotome is utilized to apically 
displace the prepared core of bone (Figure 8.14). 
Malleting of this core of bone will lift the sinus 
membrane in the area of the interradicular bone 
(Figure 8.15). The core is imploded to a depth 1 
mm less than the depth of the osteotomy prepa- 
ration (Figure 8.16). A titanium-reinforced or re- 
sorbable membrane is now chosen depending upon 
defect morphology as previously described, and is 
secured with fixation tacks. The extraction socket 
defect is filled with the appropriate graft material, 
the membrane is folded over the extraction socket 
(Figure 8.17), and soft tissue primary closure is 
attained and maintained throughout the course of 
regeneration. 

The net result of therapy is regeneration of 
an ideal ridge form following complete fill of the 
extraction socket and the space created beneath 
the membrane, as well as attainment of addi- 
tional bone height in the area of the interradicu- 
lar bone, in anticipation of eventual implant place- 
ment (Figure 8.18). Such regeneration allows ideal 
implant positioning and subsequent restoration 
(Figure 8.19). 


Figure 8.14 The detached bone core is imploded with an 
osteotome. 
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Figure 8.15 A view from within the sinus demonstrates the 
imploded core and lifted sinus membrane. 


Clinical Example One 


A 36-year-old female presented with hopeless prog- 
noses for her maxillary right first and second mo- 
lars and second bicuspid, due to a combination of 
periodontal destruction, caries and multiple root 


Figure 8.16 The core has been imploded and the sinus 
membrane has been displaced. 
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Figure 8.17 Following placement of appropriate grafting 
materials, a covering membrane is secured with fixation 
tacks. Membrane selection is a result of previously dis- 
cussed criteria. 


Figure 8.18 Following healing, a localized sinus augmen- 
tation procedure has been performed in the desired implant 
position. 


fractures (Figure 8.20). The determination was 
made that adequate bone was not present to afford 
stabilization of implants in the desired restorative 
positions in either the molar or bicuspid extrac- 
tion socket areas. Interradicular bone cores were 
therefore imploded in both molar areas, titanium- 
reinforced membranes were trimmed and secured 


Figure 8.19 An implant may now be placed in an ideal 
restorative position. 


with fixation tacks, and Bio-Oss grafts were placed 
in the socket areas. Soft tissue primary closure was 
attained and maintained throughout the course of 
regeneration. 

Six months postregenerative therapy, exten- 
sive bone regeneration is evident radiographically 
(Figure 8.21), affording more than adequate bone 
for ideal implant positioning in all three sites. 


Figure 8.20 A patient presents with hopeless prognoses 
for both maxillary molars and the maxillary second bicus- 
pid. Inadequate bone is present for appropriate implant sta- 
bilization in an ideal restorative position. 


Figure 8.21 Six months after core implosion and utilization 
of appropriate regenerative materials extensive bone re- 
generation is evident radiographically, providing more than 
adequate bone for ideal implant placement. 


TREATMENT PLANNING EXERCISE # 1 


A 52-year-old male presented with a hopeless prog- 
nosis for a fractured and fistulating maxillary right 
second molar (Figure 8.22). No endodontic or peri- 
odontal problems were noted on either the maxil- 
lary right third molar or first molar. Opposing teeth 
were in occlusion through the third molar position. 
Treatment options include: 


e Extraction of the second molar without its re- 
placement: Such a treatment option will un- 
doubtedly lead to loss of supporting bone on 
the distal aspect of the first molar, as the disto- 


Figure 8.22 A patient presents with a hopeless prognosis 
for a maxillary right second molar. 
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buccal root of the first molar approximates the 
mesiobuccal root of the second molar, leaving 
only a thin, cortical, highly labile septum of 
bone between the two roots. In addition, the 
net result of treatment will be a diminution of 
patient function. 

Extraction of the second molar with concomi- 
tant regenerative therapy using graft materi- 
als and an appropriately chosen membrane, 
without subsequent replacement of the sec- 
ond molar: While such a treatment approach 
would help ensure preservation of the sup- 
porting bone on the distal aspect of the first 
molar, the net result of treatment would be a 
reduction in the patient’s function. 

Extraction of the second molar without con- 
comitant regenerative therapy, followed by 
placement of a three-unit fixed splint from the 
third molar to the first molar: Such a treatment 
option will lead to loss of supporting bone 
on the distal aspect of the first molar. Two 
potential complications must be considered if 
such a treatment approach is to be employed. 
The first is that endodontic therapy and post 
and core build-up may be necessary on one 
or both abutment teeth due to the presence 
of large amalgam restorations. Such an occur- 
rence would significantly increase the expense 
of therapy for the patient, as compared to other 
treatment options. The second potential com- 
promise is that of depending upon the third 
molar as a terminal abutment for a three-unit 
fixed splint, considering its root form and the 
inherent difficulty in performing appropriate 
plaque control measures around it. 

Extraction of the second molar with concomi- 
tant regenerative therapy, followed by fabrica- 
tion of a three-unit fixed bridge from the third 
molar to the first molar: While this treatment 
approach would help ensure preservation of 
the supporting bone on the distal aspect of the 
first molar, the other two aforementioned po- 
tential complications must once again be con- 
sidered. 

Extraction of the second molar with concomi- 
tant regenerative therapy. Once bone regen- 
eration has been completed, a single implant 
could be placed in the second molar position, 
which would be subsequently restored with an 
abutment and crown: This treatment option 
affords the multiple advantages of preserva- 
tion of the supporting bone on the distal aspect 
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of the first molar, no need to involve adja- 
cent teeth in a fixed prosthesis with the atten- 
dant possibilities of endodontic involvement 
and/or plaque control problems, and a lesser 
financial commitment to care by the patient as 
compared to a three-unit fixed bridge option, 
should endodontic therapy be required. In ad- 
dition, patient function is not compromised. 


Treatment Performed 

Six months following tooth extraction with con- 
comitant regenerative therapy, marked bone regen- 
eration in the extraction socket area and preserva- 
tion of the supporting bone on the distal aspect 
of the first molar were evident radiographically 
(Figure 8.23). An implant was subsequently placed 
and restored with an abutment and single crown. 
A radiograph taken after five-plus years in func- 
tion demonstrated maintenance of supporting bone 
around the implant (Figure 8.24). 

Due to the unique configurations of maxil- 
lary molars, it is often impossible to determine the 
quantity and quality of the interradicular bone ei- 
ther clinically or radiographically prior to tooth re- 
moval. As aresult, a final decision upon the precise 
course of therapy to be utilized must be made fol- 
lowing tooth sectioning, minimally traumatic root 
removal, and defect debridement. 


a | 


Figure 8.23 Six months following tooth extraction and ap- 
propriate core implosion and regenerative therapy, both 
marked bone regeneration in the extraction socket defect 
and preservation of the interradicular bone in the adjacent 
teeth are evident. 


Figure 8.24 A radiograph taken five-plus years after im- 
plant restoration demonstrates stable peri-implant hard 
tissues. 


Clinical Example Two 


A 49-year-old male presented with a hopeless prog- 
nosis for his maxillary right first and second molars 
due to severe periodontal destruction (Figure 8.25). 
Following flap reflection and defect debridement, 
it was determined that inadequate interradicular 
bone was present to effect ideal implant positioning 
at the time of tooth removal. A titanium-reinforced 
membrane was trimmed and secured with fixation 
tacks, and placed over a demineralized bone ma- 
trix putty. Passive soft tissue primary closure was 


Figure 8.25 A patient presents with hopeless prognoses 
for his maxillary right first and second molars. Inadequate 
bone was present for implant stabilization in the desired 
restorative positions. 


Figure 8.26 A six-month posttherapy radiograph demon- 
strates regeneration of more than adequate bone for im- 
plant placement. 


attained and maintained throughout the course of 
regeneration. 

A radiograph taken six-month posttherapy 
(Figure 8.26) demonstrated regeneration of more 
than adequate bone for placement of implants 
of the desired dimensions. Two 8-mm-long, 
wide platform Straumann implants were placed 
(Figure 8.27). The implants were subsequently re- 
stored with abutments and single crowns. 

A radiograph taken after the implants had 
been in function for over four years demonstrated 
preservation of the supporting bone around the im- 
plants (Figure 8.28). 


Figure 8.27 Two wide platform implants have been placed. 
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Figure 8.28 A radiograph taken after the implants have 
been in function for over four years demonstrates stable 
peri-implant bone. 


In situations where adequate buccal root di- 
vergence is present to visualize the interradicular 
bone, minimal periodontal destruction of the inter- 
radicular bone has occurred, and minimally trau- 
matic removal of the individual roots will be possi- 
ble, the clinician is able to determine that implant 
placement will occur at the time of tooth extraction 
prior to surgical entry. 


TREATMENT EXERCISE PLAN # 2 


A 49-year-old female presented with a hopeless 
prognosis for a maxillary left first molar (Figure 
8.29). A buccal fistula was present, which had re- 
sulted in extensive damage to the buccal alveo- 
lar bone between the first and second molars. The 
compromised, tenuous nature of the interproximal 
bone protecting the mesial furcation of the second 
molar is evident. 
Treatment options include: 


Extraction of the maxillary right first molar 
without concomitant regenerative therapy or 
tooth replacement: This option represents a 
number of significant compromises in care. If 
no regenerative therapy is performed, the re- 
sultant ridge resorption will lead to loss of the 
thin septum of bone protecting the entrance 
to the mesial furcation of the second molar, as 
well as bone in the region of the first molar. 
The net result of this bone loss will be signifi- 
cant compromise of the long-term prognosis of 
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Figure 8.29 A patient presents with a buccal fistula and 
a hopeless prognosis for a maxillary first molar. The re- 
maining bone protecting the mesial furcation of the second 
molar is at risk. 


the second molar, and the inability to consider 
implant placement in the first molar position 
without sinus augmentation therapy. In addi- 
tion, if the first molar is not replaced, patient 
function will be compromised. 

Extraction of the first molar without concomi- 
tant regenerative therapy, followed by fabrica- 
tion of a three-unit fixed splint extending from 
the second molar to the second bicuspid: This 
option represents a number of significant com- 
promises in care. Once again, if no regenera- 
tive therapy is performed, the resultant ridge 
resorption will lead to loss of the thin septum 
of bone protecting the entrance to the mesial 
furcation of the second molar, as well as bone 
in the region of the first molar, as previously 
described. In addition, involvement of the ad- 
jacent teeth in a three-unit fixed prosthesis will 
almost certainly lead to the need for endodon- 
tic therapy and post and core build-up in one 
or both teeth, significantly increasing both the 
complexity and cost of care. 

Extraction of the first molar without con- 
comitant regenerative therapy. Once healing 
had occurred, a sinus augmentation proce- 
dure could be performed, followed by implant 
placement in an additional surgical visit, and 
subsequent restoration with an abutment and 
single crown: This option represents a num- 
ber of significant compromises in care. If no 
regenerative therapy is performed, the resul- 


tant ridge resorption will lead to loss of the 
thin septum of bone protecting the entrance 
to the mesial furcation of the second molar, 
as well as bone in the region of the first mo- 
lar. If such a treatment approach is employed, 
the patient will have to undergo a second sur- 
gical procedure to effect sinus augmentation. 
The overall course of therapy will be signifi- 
cantly protracted, and the cost of therapy will 
be increased. 

Extraction of the first molar with concomi- 
tant regenerative therapy. Following healing 
of the regenerating bone, an implant would 
be placed and subsequently restored with an 
abutment and single crown: This treatment ap- 
proach offers numerous advantages. By per- 
forming regenerative therapy at the time of 
tooth removal, all existing bone is maintained, 
thus protecting the entrance to the mesial fur- 
cation of the second molar. Sufficient bone 
will be regenerated to obviate the need for 
sinus augmentation therapy. Utilization of a 
single implant and crown affords significant 
advantages over a three-unit fixed splint, as 
it eliminates any question of endodontic and 
prosthetic involvement of the adjacent teeth. 


Treatment Performed 
Following tooth extraction, implosion of a core 
of bone in the interradicular area, and placement 
of particulate graft material beneath a titanium- 
reinforced membrane, passive soft tissue primary 
closure was attained and maintained throughout 
the course of regeneration. A radiograph taken 
six-months postregenerative therapy (Figure 8.30) 
demonstrated regeneration of bone in the resid- 
ual extraction socket area, marked regeneration 
of bone apical to the previous extraction socket 
area, and preservation of the bone protecting the 
entrance to the mesial furcation of the second mo- 
lar. An 8-mm-long, wide platform Straumann im- 
plant was easily placed in an ideal position within 
this regenerated bone (Figure 8.31). Radiographic 
and clinical views of the implant and its restora- 
tion after eight-plus years in function demonstrated 
preservation of the supporting bone around the im- 
plant, and healthy peri-implant soft tissues (Figures 
8.32 and 8.33). 

There are only two reasons not to utilize this 
course of therapy: The first is a failure to con- 
ceptually understand the various treatment options 


Figure 8.30 Following tooth extraction, implosion of the in- 
terradicular bone, and utilization of appropriate regenera- 
tive materials, a six-month radiograph demonstrates bone 
regeneration, and preservation of the bone protecting the 
entrance to the mesial furcation of the second molar. 


and their advantages and disadvantages. The sec- 
ond reason is an inability to perform the techni- 
cal procedures necessary to ensure attainment and 
maintenance of passive soft tissue primary closure 
throughout the course of regeneration. Either rea- 
son is unacceptable. 

Appropriate diagnosis and treatment selection 
requires both recognition of existing problems and 
anticipation of host response to therapy with re- 
gard to hard and soft tissue resorptive patterns. 
Failure to do so will lead to dramatic compromises 
in therapy. 


Figure 8.31 A wide platform implant is placed in the im- 
ploded and regenerated bone. 
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Figure 8.32 A radiograph taken eight-plus years in function 
demonstrates stable peri-implant crestal bone. 


TREATMENT PLANNING CASE # 3 


A 61-year-old male presented with a decayed, 
fractured, and hopeless maxillary first molar 
(Figure 8.34). A large buccal fistula was present. 
Radiographically, significant destruction to the 
buccal alveolar plate was evident. This destruction 
had approached but not yet reached the distal sur- 
face of the second bicuspid. However, the bone 
remaining on the distal surface of the second bi- 
cuspid, which both helped support the tooth and 
protect the entrance to the distal furcation, was 


aad a 


Figure 8.33 A clinical view of the restored implant. 
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Figure 8.34 A patient presents with a fractured and hope- 
less maxillary first molar. A large buccal fistula is present, 
and the inflammatory lesion is approaching the distal as- 
pect of the second bicuspid. 


thin and at risk. Potential treatment approaches 
include: 


Extraction of the first molar with defect de- 
bridement, without concomitant regenerative 
therapy or subsequent tooth replacement: This 
treatment option represents a number of sig- 
nificant compromises. Failure to perform re- 
generative therapy at the time of tooth removal 
will result not only in significant resorption of 
the bone in the extraction socket area, necessi- 
tating sinus augmentation therapy if eventual 
implant placement is to be carried out, but will 
also place the thin patina of bone on the distal 
aspect of the second bicuspid at risk. At best, 
some resorption of the crestal aspect of this 
bone will occur, affecting the distal furcation 
of the second bicuspid and compromising its 
long-term prognosis. This treatment approach 
also represents a compromise in patient func- 
tion. 

Extraction of the first molar without concomi- 
tant regenerative therapy, followed by fabrica- 
tion of a three-unit fixed splint from the sec- 
ond molar to the second bicuspid: This treat- 
ment option represents a number of significant 
compromises. As already discussed, failure to 
perform regenerative therapy at the time of 
tooth removal will result in significant resorp- 
tion of the bone in the extraction socket area, 
and will place the bone on the distal aspect of 
the second bicuspid at risk. In addition, due 
to the presence of extensive amalgam restora- 


tions in both the second molar and second bi- 
cuspid, the likelihood of either one or both of 
these teeth requiring endodontic intervention 
and post and core build-up is high. The net 
result of such treatment would be increases in 
both the complexity and cost of care. Finally, 
the second molar, which would undoubtedly 
be compromised as a result of postextraction 
bone resorption, would be ill suited to serve 
as a terminal abutment for a three-unit fixed 
splint. 

Extraction of the first molar without concomi- 
tant regenerative therapy, followed by fabrica- 
tion of a four-unit fixed splint: All of the com- 
promises in therapy previously detailed would 
result from this course of therapy. Inclusion of 
the first bicuspid in the fixed splint due to the 
compromised nature of the second bicuspid 
as a result of postextraction bone resorption 
would represent both an increase in the cost 
and complexity of care, and compromise of 
the integrity of the first bicuspid. 

Extraction of the first molar without concomi- 
tant regenerative therapy, followed by sinus 
augmentation therapy six-month postextrac- 
tion and subsequent implant placement: In ad- 
dition to the aforementioned concerns with 
postextraction bone resorption, the need to 
perform subsequent sinus augmentation ther- 
apy represents performance of another sur- 
gical procedure, and significantly increases 
the cost and complexity of care. In addi- 
tion, the second bicuspid may have to be re- 
placed in the future due to its compromised 
prognosis. 

Removal of the first molar with concomitant 
regenerative therapy, without subsequent im- 
plant placement: While such a treatment op- 
tion does regenerate all damaged bone, and 
preserves the bone on the distal aspect of the 
second bicuspid, it represents a compromise 
in patient function. 

Extraction of the first molar with concomitant 
regenerative therapy, followed by a three-unit 
fixed prosthesis from the second molar to the 
second bicuspid: This treatment option does 
regenerate damaged bone and preserve bone 
on the distal aspect of the second bicuspid. 
However, as previously mentioned, the like- 
lihood of endodontic therapy and post and 
core buildup on the second molar and/or sec- 
ond bicuspid if they are to be employed as 


abutments for a fixed prosthesis is high, thus 
increasing the complexity and cost of care. 
Extraction of the first molar with implosion of 
the interradicular bone, performance of regen- 
erative therapy at the time of tooth removal, 
and subsequent implant placement and 
restoration: This treatment option regenerates 
all lost bone, increases the apicocrestal dimen- 
sion of the regenerated bone, and preserves 
the bone on the distal aspect of the second 
bicuspid. In addition, the final treatment re- 
sult does not necessitate further regenerative 
surgical therapies, nor involve the second 
molar and the second bicuspid in prosthetic 
therapy and the possibility of endodontic 
treatment and post and core buildup. As pre- 
viously discussed, the excuses of inadequate 
diagnosis, poor understanding of treatment 
capabilities, or technical insufficiencies are 
not appropriate rationales for therapeutic 
selection. 


Treatment Performed 

Six months following regenerative therapy, signifi- 
cant bone regeneration in the extraction socket area 
and preservation of bone on the distal aspect of 
the second bicuspid were evident radiographically 
(Figure 8.35). The titanium strut of the reinforced 
membrane and a fixation tack were also noted ra- 
diographically. Following completion of bone re- 
generation, an implant was placed and restored. 


Figure 8.35 Following tooth extraction, core implosion and 
regenerative therapy, the regenerating alveolar bone is ev- 
ident, as are the titanium strut of the membrane and the 
titanium fixation tack. 
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Figure 8.36 Following completion of bone regeneration, an 
implant has been placed and restored. A radiograph taken 
after 10-plus years in function demonstrates preservation 
of the bone both on the distal aspect of the second bicuspid 
and around the implant. 


A radiograph taken of the restored 13-mm- 
long replace select implant in function for 10-plus 
years (Figure 8.36) demonstrated preservation of 
both the supporting bone around the implant and 
the bone on the distal aspect of the second bicus- 
pid, which was protecting the entrance to the distal 
furcation of this tooth. 

The advantages to the patient of multi- 
dimensional regenerative therapy performed at the 
time of tooth removal cannot be overemphasized. 
Such a paradigm shift represents a significant ad- 
vancement in patient care. 


TREATMENT PLANNING EXERCISE # 4 


A 51-year-old female presented with a hopeless 
prognosis for a maxillary left first molar, which was 
a terminal abutment for a three-unit fixed splint 
(Figure 8.37). A palatal periodontal infrabony de- 
fect was noted around the first bicuspid. The crown 
on the first bicuspid displayed intact, healthy 
margins. The patient was esthetically satisfied 
with the crown on the first bicuspid and wished 
to maintain it. Treatment options include the 
following: 


e Sectioning of the existing fixed splint on the 
distal aspect of the first bicuspid, and extrac- 
tion of the first molar and the pontic in the 
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Figure 8.37 A patient presents with a hopeless prognosis 
for a maxillary first molar, the terminal abutment for a fixed 
splint. 


position of the second bicuspid, without con- 
comitant regenerative therapy, followed by 
fabrication of a four-unit fixed splint: Although 
this approach may at first seem to be the sim- 
plest manner by which to address the patients’ 
concerns, it does not offer an acceptable long- 
term prognosis. Failure to perform regenera- 
tion at the time of removal of the first molar 
will result in loss of the interproximal bone be- 
tween the first and second molars, thus poten- 
tially compromising the long-term support of 
the second molar. In addition, the second mo- 
lar is ill suited to serve as a terminal abutment 
for a four-unit fixed splint due to its periodon- 
tal condition and tapered root form. Finally, 
the first bicuspid is a poor candidate for uti- 
lization as a terminal abutment for a four-unit 
fixed splint due to the significant periodontal 
destruction which has occurred around it, and 
its relatively short root. 

Sectioning of the existing fixed splint on the 
distal aspect of the first bicuspid, followed by 
extraction of the first molar and pontic in the 
position of the second bicuspid, and fabrica- 
tion of a five-unit fixed splint without con- 
comitant regenerative therapy: Many of the 
compromises inherent in this treatment ap- 
proach have been discussed above. The need 
to include the cuspid in the planned fixed 
prosthesis due to the compromised nature of 
the first bicuspid also represents a significant 
compromise in care. Finally, this treatment ap- 


proach mandates a greater financial commit- 
ment. 

Sectioning of the existing fixed splint on the 
distal aspect of the first bicuspid, followed by 
extraction of the second molar and the pon- 
tic in the position of the second bicuspid, and 
concomitant regeneration: The area will sub- 
sequently be restored with a four-unit fixed 
splint. While this treatment option will pre- 
serve the bone on the mesial aspect of the 
second molar, thus enhancing its long-term 
prognosis, the compromises already discussed 
regarding fixed splint fabrication still apply. 
Sectioning of the existing fixed splint on the 
distal aspect of the first bicuspid, followed 
by extraction of the second molar and the 
pontic in the position of the second bicus- 
pid, with concomitant regeneration and subse- 
quent restoration with a five-unit fixed splint: 
This treatment option will preserve the bone 
on the mesial aspect of the second molar, thus 
enhancing its long-term prognosis. However, 
the compromises already discussed regarding 
splint fabrication still apply. 

Sectioning of the existing fixed splint on the 
distal aspect of the first bicuspid, followed by 
extraction of the second molar and the pontic 
in the position of the second bicuspid with- 
out concomitant regenerative therapy: A sinus 
augmentation procedure will be performed in 
a second surgery, followed by eventual place- 
ment of two implants and their restoration 
with single crowns. This treatment approach 
eliminates the involvement of adjacent teeth 
in a fixed prosthesis, with the attendant afore- 
mentioned problems. Unfortunately, the net 
result of treatment is still a loss of bone on the 
mesial aspect of the second molar, thus po- 
tentially compromising its long-term progno- 
sis. In addition, the patient must now undergo 
an additional surgical procedure to effect sinus 
augmentation therapy in the area. The net re- 
sult is an increase in both the complexity and 
cost of care. 

Sectioning of the existing fixed prosthesis on 
the distal aspect of the first bicuspid, with ex- 
traction of the second molar and the pontic 
in the position of the second bicuspid, fol- 
lowed by concomitant regeneration including 
implosion of the residual interradicular bone 
and utilization of graft materials and mem- 
branes as previously described. The area will 


Figure 8.38 Six months following prosthesis sectioning, 
tooth extraction, core implosion, and appropriate regener- 
ative therapy, extensive bone regeneration is evident. 


subsequently be treated with two implants 
which will be restored with single crowns: 
This treatment option affords a number of ad- 
vantages. By performing regenerative therapy 
at the time of extraction of the first molar, the 
supporting bone on the mesial aspect of 
the second molar is preserved. In addition, 
the need to involve adjacent teeth in fixed 
prosthetics is eliminated. Finally, the number 
of surgical visits necessary to effect implant 
placement and restoration is lessened, as a 
separate sinus augmentation procedure is not 
necessary. 


Treatment Performed 

Six months following sectioning of the bridge, ex- 
traction of the hopeless first molar, implosion of the 
interradicular bone, and guided bone regeneration 
therapy as previously described, regeneration of 
significant alveolar bone was evident radiographi- 
cally (Figure 8.38). This regenerated bone was of 
adequate dimension to easily accept two Strau- 
mann implants (Figure 8.39). These implants will 
be ready for restoration approximately 3-6 weeks 
after insertion, depending upon which implant sur- 
face is utilized. Implant surfaces will be discussed 
in a subsequent chapter. 


Implant Placement at the Time of 
Maxillary Molar Extraction 

If it is determined following tooth sectioning, root 
extraction and defect debridement that adequate 
interradicular bone is present to effect implant 
placement in an ideal restorative position, both 
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Figure 8.39 Two implants have now been placed in the re- 
generated bone. Depending upon the implant surface uti- 
lized, the implants may be restored 3-8 weeks after inser- 
tion. 


the interradicular bone morphology and the need 
or lack of need for additional bone height must 
be assessed. Therapy will then proceed in one of 
four manners depending upon these considerations 
(4, 5). 


If no additional alveolar bone height is required: 


(a) In the presence of a wide interradicular sep- 
tum, with wide being defined as a septum 
which will completely cover the rough sur- 
face of the implant following its manipula- 
tion, a 2.0- or 2.2-mm guide drill is utilized 
to prepare the initial osteotomy to its final 
depth, depending upon which implant sys- 
tem will be employed. Tapered osteotomes, 
of sequential diameters, which correspond 
to the drilling sequence for a given implant 
system, are utilized to spread the interradic- 
ular bone. As this spreading occurs, the most 
crestal aspect of the interradicular bone may 
split or be lost. This is of no consequence. 
The aim of this interradicular bone manipu- 
lation is to afford both an osteotomy of suf- 
ficient dimension to accept the planned im- 
plant, and bone of adequate dimension and 
density to stabilize the most apical portion 
of the implant upon its insertion. Following 
interradicular bone site preparation, either 
a parallel-walled wide platform Straumann 
implant or a tapered implant with a 4.8-mm- 
wide “apex” and a 6.5-mm-wide platform is 
inserted, depending upon the final morphol- 
ogy of the manipulated interradicular bone. 
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If utilization of a tapered implant will result 
in loss of significant portions of the inter- 
radicular bone as it broadens in its most cre- 
stal third, a parallel-walled implant will be 
placed. The advantages to tapered end im- 
plant use are both greater obliteration of the 
residual extraction socket defect surround- 
ing the implant, and an increased implant 
surface area available for osseointegration. 
Particulate materials and the appropriate se- 
cured covering membrane are placed around 
the implant, and the flaps are manipulated as 
previously described to ensure passive pri- 
mary closure throughout the course of re- 
generation. 


(b) If a narrow interradicular bony septum is ev- 


ident following tooth sectioning and extrac- 
tion, with narrow being defined as a sep- 
tum which will not wholly encompass the 
rough surface of the implant body follow- 
ing its manipulation, different site prepara- 
tion protocols and implant selection are em- 
ployed. A round bur is utilized to notch 
the most crestal aspect of the interradic- 
ular bone, thus providing a set point for 
use of a tapered osteotome. A tapered os- 
teotome is employed to the final depth of the 
planned osteotomy. Sequentially widening 


Figure 8.40 A maxillary molar is trisected and its roots are 
removed, with care being taken to preserve the interradic- 
ular bone. 


H 


Figure 8.41 The most crestal aspect of the interradicular 
bone is notched with either a bur or a piezosurgery unit. 


tapered osteotomes, whose diameters corre- 
spond to the drilling sequence of the implant 
system to be utilized, are tapped to the fi- 
nal osteotomy depth, spreading and shaping 
the residual interradicular bone. However, 


Figure 8.42 A view of the notched interradicular bone. 
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Figure 8.43 A tapered end 2.2-mm-wide osteotome is uti- 
lized to spread the interradicular bone. 


Figure 8.45 A tapered end implant with a 4.1-mm base 
and a 6.5-mm restorative platform is inserted into the ma- 
nipulated interradicular bone. 


rather than widening the osteotomy to 4.2 
mm as would be necessary for placement 
of a parallel-walled or tapered end con- 
ventional wide platform implant, the os- 
teotomy is only widened to 3.5 mm. A 
specific implant design is utilized which 
demonstrates a 4.1-mm-wide “apex” and a 
6.5-mm-wide platform. This implant config- 
uration affords the opportunity to place the 
implant into the manipulated interradicular 
bone and attain primary stability without un- 
duly widening this interradicular bone and 
potentially causing loss of its integrity and 
thus its stabilizing function. In addition, al- 
though the narrower apical implant diame- 
ter facilitates placement in such situations, 
there are no inherent restorative compro- 
Figure 8.44 Sequentially sized osteotomes are employed mises, as the implant presents with a 6.5- 
to spread the interradicular bone to 3.5 mm. mm-wide restorative platform. Appropriate 
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regenerative materials and a fixated covering 
membrane are placed, and flap designs are 
utilized to ensure maintenance of soft tissue 
primary closure. This approach allows ideal 
implant positioning in previously untenable 
areas (Figures 8.40-8.45). 


Clinical Example Three 


A 53-year-old female presented with a hopeless 
prognosis for her maxillary right first and second 
premolars and her maxillary right first molar. Her 
maxillary right second molar will be restored. Fol- 
lowing extraction of the first and second premolars, 
and sectioning and extraction of the roots of the 
first molar, the extraction socket morphologies and 
preserved interradicular bone were evident (Figure 
8.46). The osteotomies were prepared in the first 
and second premolar positions, and a 2.2-mm-wide 
osteotome was employed to begin shaping the in- 
terradicular bone in the first molar position (Figure 
8.47). Following osteotome use, the interradicular 
osteotomy was completed to a width of 2.2 mm 
(Figure 8.48). A 2.8-mm osteotome followed by a 
3.5-mm osteotome were employed, completing the 
osteotomy in the interradicular bone (Figure 8.49). 

Following completion of the osteotomy, a ta- 
pered end Straumann implant, with a 4.1-mm wide 
“apex’ and a 6.5-mm-wide platform will be inserted 
(Figure 8.50). As previously mentioned, all implant 


Figure 8.46 The hopeless maxillary right first and second 
bicuspids and first molar have been extracted. Note the 
intact interradicular bone in the first molar area. 


Figure 8.47 A 2.2-mm-wide osteotome is utilized to spread 
the interradicular bone. 


insertion is accomplished utilizing a handpiece at- 
tachment to help minimize generation of lateral 
torque to the supporting bone during implant place- 
ment (Figure 8.51). 

The implant was inserted to depth at 30 RPM. 
The ideal buccopalatal position of the implant was 


Figure 8.48 A view of the interradicular bone in the first 
molar area following use of the 2.2-mm-wide osteotome. 
Note the 3.5-mm-wide osteotomy in the second bicuspid 
site. 


Figure 8.49 The interradicular bone osteotomy is ex- 
panded to 3.5 mm. 


evident in Figure 8.52. A buccal view (Figure 8.53) 
demonstrated loss of the most crestal aspect of 
the interradicular bone. Such loss is of no conse- 
quence. The implant was inserted at 50 Ncm and 
was brought to a halt at the appropriate depth, due 
to the density of the surrounding bone. 
Autogenous bone collected in a bone trap dur- 
ing osteotomy preparation was packed around the 


Figure 8.50 A tapered end implant with a 4.1-mm base 
and a 6.5-mm restorative platform is brought to the mouth 
on a handpiece carrier. 
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Figure 8.51 Implant insertion begins utilizing a handpiece 
carrier, at 30 RPMs. 


implant, filling the residual extraction socket defect 
(Figures 8.54 and 8.55). This area will be covered 
with the appropriate secured membrane, and pas- 
sive soft tissue primary closure will be attained and 
maintained throughout the course of regeneration. 

Buccal and occlusal clinical views of the 
final restorations demonstrate ideal restorative 
contours, made possible through appropriate im- 
plant positioning at the time of tooth removal 


Figure 8.52 The implant is inserted to the appropriate 
depth. 
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Figure 8.53 A buccal view demonstrates the compromised 
buccal alveolar ridge around the implant. Note the ideal 
positioning of the implant. 


(Figures 8.56 and 8.57). A six-month radiograph 
demonstrated complete bone regeneration around 
the implant in the first molar position (Figure 8.58). 
A radiograph taken after more than six years in 
function demonstrated preservation of the crestal- 


Figure 8.54 Osseous coagulum is packed in the residual 
extraction socket defect surrounding the implant. 


Figure 8.55 A view of the filled extraction socket defect. 
An appropriate membrane will now be placed and secured 
with tacks. 


supporting bone around the three implants (Fig- 
ure 8.59). The combination of conventional and 
innovative implant and regenerative techniques af- 
forded the opportunity to greatly simplify therapy 
while ensuring the appropriate high level of pre- 
dictability of care. 


Figure 8.56 A buccal view of the completed restorations of 
the implants in the first molar and first and second bicuspid 
positions. 


Figure 8.57 An occlusal view of the completed restora- 
tions. Note the normal-sized occlusal tables of the implant 
restorations. 


Figure 8.58 A radiograph taken six months posttherapy 
demonstrates complete bone fill around the implants. 


Figure 8.59 A radiograph taken more than six years after 
restoration demonstrates stable crestal bone around the 
implants. These implants would not be splinted today. 
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Clinical Example Four 


A 58-year-old female presented with hopeless prog- 
noses for the fractured maxillary right second 
bicuspid and first molar, and a missing maxillary 
right second molar (Figure 8.60). Radiographically, 
a significant periapical lesion was noted around the 
mesial root of the first molar. Clinically, a buccal 
fistula was evident in this region. Following ex- 
traction of the hopeless second bicuspid and first 
molar, therapy proceeded as follows: The resid- 
ual bone crestal to the floor of the sinus was im- 
ploded following an osteotome and trephine tech- 
nique, and an undersized osteotomy was prepared 
as previously described in Chapter 6. A 10-mm- 
long parallel wall, wide platform Straumann im- 
plant was inserted. Following sectioning and ex- 
traction of the first molar, the extraction socket 
defect was debrided, the interradicular bone was 
shaped, and a 10-mm-long tapered end Straumann 
implant with a 4.8-mm-wide “apex” and a 6.5- 
mm-wide restorative platform was inserted. A stan- 
dard diameter tapered end Straumann implant was 
placed in the position of the second bicuspid fol- 
lowing tooth sectioning, removal of the interradic- 
ular bone, and implant placement, as already de- 
scribed. Finally, demineralized bone matrix paste 
was utilized beneath a covering resorbable mem- 
brane secured with fixation tacks to effect regenera- 
tion in the small residual extraction socket defects 


Figure 8.60 A patient presents with hopeless prognoses 
for a fractured maxillary right second bicuspid and first mo- 
lar, and a missing maxillary right second molar. 


242 Extraction of Multirooted Maxillary Teeth 


Figure 8.61 A radiograph taken six months after tooth ex- 
traction, implosion of a bone core with simultaneous implant 
placement in the second molar position, manipulation of the 
interradicular bone with simultaneous implant placement in 
the first molar position, and immediate implant placement in 
the second bicuspid position, demonstrates excellent bone 
healing around the implants. 


surrounding the implants in the positions of the 
second bicuspid and first molar. 

A radiograph taken six months after im- 
plant and regenerative therapy had been performed 
demonstrated complete regeneration of bone in the 
previously present residual extraction socket de- 
fects, and consolidation of bone around the “apex” 
of the implant in the second molar position (Fig- 
ure 8.61). Occlusal and buccal views of the im- 
plant restorations after over four years in function 
demonstrate ideal prosthetic form and healthy peri- 
implant soft tissues (Figures 8.62 and 8.63). 


If additional bone height is required in the in- 
terradicular area: When inadequate alveolar bone 
height is present crestal to the floor of the sinus, 
and 2x-2 is an adequate dimension for the length 
of the desired implant, therapy proceeds in one of 
two manners, depending upon the morphology of 
the interradicular bone: 


(c) If a wide interradicular septum is present: 
A 2.2-mm-wide trephine and flat-ended os- 
teotome are utilized to implode the inter- 
radicular bone, utilizing techniques already 
described. The osteotomy site is widened 
with sequentially sized osteotomes, whose 
diameters correspond to the drilling se- 


Figure 8.62 An occlusal view of the implant restorations 
after over four years in function. 


quence for the implant system to be utilized. 
Each osteotome is brought to the desired 
depth, with care once again being taken to 
ensure that the most crestal millimeter of 
the imploded interradicular core still rests 
within the apical confines of the residual 
alveolar bone. Once the desired osteotomy 
site has been prepared, either a straight- 
walled implant with a 6.5-mm-wide platform 
or a tapered end implant with a 4.8-mm- 
wide “apex” and a 6.5-mm-wide restorative 
platform is placed, depending upon the fi- 
nal morphology of the manipulated alveolar 
bone, as previously discussed. 


Figure 8.63 A buccal view of the implant restorations after 
over four years in function. 


The need to attain additional bone height should 
not be seen as a contraindication to manipulation 
of the interradicular bone and implant placement at 
the time of sectioning and extraction of multirooted 
maxillary teeth. 


Clinical Example Five 


A 61-year-old male presented with an intrafurcal 
fracture of a maxillary first molar (Figure 8.64). 
Following tooth sectioning and root removal, the 
interradicular osteotomy was prepared utilizing a 
2.2-mm-wide twist drill followed by sequentially 
widening flat-ended osteotomes. Due to the broad 
nature of the residual interradicular alveolar bone, 
it was determined that a 10-mm-long tapered 
end Straumann implant could be placed, which 
had a 4.8-mm-wide “apex” and a 6.5-mm-wide 
restorative platform. The imploded bone core 
apical to the implant base, which was repositioned 
due to the inadequate interradicular bone height 
which was present, was evident radiographically 
(Figure 8.65). A radiograph taken four years post- 
tooth extraction, implant placement, regenerative 
treatment and restoration demonstrated both 
complete bone fill of the residual extraction socket 
defect surrounding the implant, and consolidation 


Figure 8.64 A patient presents with a vertically fractured 
maxillary first molar. Radiographically, inadequate bone ap- 
pears to be present for implant placement at the time of 
tooth removal. However, the radiograph only shows the 
bone between the buccal roots. The radiograph gives no 
indication of the quantity of bone between the buccal roots 
and the palatal root. 


Extraction of Multirooted Maxillary Teeth 243 


Figure 8.65 A radiograph taken six months post- 
interradicular bone manipulation and implosion, implant 
placement, and concomitant regenerative therapy, demon- 
strates complete bone fill around the implant. 


of the imploded bone above the implant “apex” 
(Figure 8.66). 


(d) If a narrow interradicular septum is present: 
Sequentially widening tapered end os- 
teotomes are utilized to both implode the 
interradicular bone coronal to the floor of 
the sinus and to widen the interradicular 
bone in anticipation of accepting the pre- 
viously described tapered and implant with 
a 4.1-mm-wide “apex” and a 6.5-mm-wide 
restorative platform. The interradicular os- 
teotomy is widened to 3.5 mm and the im- 
plant is inserted as previously described. 
Appropriate regenerative materials and flap 
designs are employed as already discussed. 


Figure 8.66 A radiograph taken seven years post- 
restoration demonstrates stable peri-implant bone levels. 
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Appropriate diagnosis of the morphology and 
health of the residual interradicular bone cannot 
usually be carried out prior to tooth sectioning and 
root removal. The only view afforded to the clin- 
ician by a periapical radiograph is the interradic- 
ular bone morphology and quantity between the 
mesiobuccal and distobuccal roots of the first mo- 
lar. As such, this view offers limited information 
and should not be relied upon to make final treat- 
ment decisions. 

While a periapical radiograph may mislead 
the clinician into believing more interradicular 
bone is available for implant stabilization than is 
actually present, the opposite may also be true. If 
care is not taken to delay the selection of the ap- 
propriate treatment modality until tooth sectioning 
and root removal has been carried out, the clini- 
cian may eliminate from consideration a number 
of valuable treatment options. 


Clinical Example Six 


A 51-year-old male presented with a vertically frac- 
tured maxillary first molar (Figure 8.67). Minimal 
interradicular alveolar bone is evident radiograph- 
ically. However, it is imperative to realize that this 
periapical radiograph affords a view of the inter- 
radicular bone between the mesiobuccal and dis- 
tal buccal roots. Following tooth sectioning and 
root extraction, interradicular bone was present of 


Figure 8.67 A patient presents with a fistulating and hope- 
less maxillary first molar. 


Figure 8.68 Following tooth trisection and extraction, de- 
bridement and manipulation of the interradicular bone, a 10- 
mm-long tapered end implant with a 4.1-mm-wide “apex” 
and a 6.5-mm-wide restorative platform has been placed. 
Appropriate regenerative materials will now be utilized. 


the adequate dimensions to support the tapered 
implant with a 4.1-mm-wide “apex” and a 6.5- 
mm-wide restorative platform. It was determined 
that approximately 2 mm of additional apical height 
would be required to the interradicular bone, due 
to the limitation in available sizes of this implant 
configuration. The shortest available implant is 10 
mm in length. Following implosion and shaping 
of the interradicular bone as previously described, 
the implant was inserted and concomitant regener- 
ative therapy was performed. A radiograph taken 
six months posttreatment demonstrates complete 
bone regeneration in the residual extraction socket 
defect surrounding the implant, and consolidation 
of bone at the “apex” of the implant where the alve- 
olar bone core was imploded (Figure 8.68). Mainte- 
nance of both the crestal and “apical” bone around 
the implant is evident on a radiograph taken after 
over seven years in function (Figure 8.69). 

If adequate bone height is not present crestal 
to the floor of the sinus and 2x-2 is not an adequate 
dimension for the desired length of the implant to 
be placed, a lateral window sinus augmentation 
procedure is performed, with simultaneous aug- 
mentation of the extraction socket area utilizing 
the appropriate particulate materials and secured 
covering membrane. 


Figure 8.69 A radiograph taken 38 months after implant 
restoration demonstrates the stability of the crestal peri- 
implant bone. 


Conclusions 


The above outlined treatment approaches and de- 
cision trees afford a framework within which to 
predictably augment the posterior maxilla, with or 
without simultaneous implant placement, in a vari- 
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ety of clinical situations. While it is certainly possi- 
ble to obtain more dramatic results by “stretching 
the envelope,” both clinical experience and pub- 
lished literature demonstrate a significant decrease 
in therapeutic predictability in such instances. It 
is difficult to justify risk-taking when highly pre- 
dictable, proven treatment options exist. 
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Flow chart 8.1 Treatment selection following extraction of a two-rooted maxillary bicuspid. 
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Flow chart 8.2 Treatment selection following extraction of multirooted molars. 
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Definition of the Problem 


The need to extract mandibular molars due to 
extensive caries, fracture, or other concerns, dis- 
cussed in Chapter 1 when developing treatment 
algorithms, will not be reviewed here. However, a 
number of additional variables must be considered 
when designating a mandibular molar as needing 
removal due to periodontal breakdown in the furca- 
tion area. Assuming that all other pocketing around 
a given molar may be eliminated through appro- 
priate periodontal osseous resective surgery, can 
the buccal and/or lingual furcation involvements 
of the tooth be treated in a like manner? Is it even 
necessary to eliminate these furcation involve- 
ments? These questions must be answered before 
determining the fate of the mandibular molar in 
question. 
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If an effort is to be made to retain a fur- 
cated mandibular molar, it is important to first 
decide upon an appropriate definition of thera- 
peutic success. Such success cannot be charac- 
terized by short-term clinical health and immedi- 
ate gratification. Truly successful periodontal ther- 
apy must boast an ease of patience maintenance 
and long-term predictability. Predictability follow- 
ing periodontal therapy is defined as stable at- 
tachment levels, no continuing loss of supporting 
bone or periodontal attachment, and no deepen- 
ing of clinical probing depths around the teeth in 
question. 

Specific patient considerations may impact 
upon this definition of success. When considering a 
patient of advanced age, or one whose medical sta- 
tus is a contraindication to performing the desired 
therapy, compromises in the above definitions of 
success must be accepted. However, for the pur- 
pose of our discussion, we will assume no medical 
contraindications to therapy, and will ignore actu- 
arial considerations. 

The challenges confronting the concerned 
clinician when considering periodontal health, 
whether he or she is a periodontist or a restorative 
dentist, are well documented. Deeper pocket 
depths are less conducive to plaque control efforts 
and the maintenance of oral health than shallower 
pocket depths. The literature has demonstrated 
that deeper pocket depths should be viewed as 
having greater potential for future periodontal 
breakdown than shallower pocket depths. Furca- 
tion involvements have been shown to represent 
a unique and challenging area of potential plaque 
accumulation and rapid periodontal breakdown. 
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Numerous authors have demonstrated that the 
presence of furcation involvements may be utilized 
as a predictor for future attachment loss around 
the tooth in question. 

As discussed in Chapter 1, a comprehensive 
review of the literature conclusively demonstrates 
that reduction of post therapeutic pocket depths 
and the establishment of a stable, predictable at- 
tachment apparatus will result in improved long- 
term periodontal success with regard to the main- 
tenance of oral health and the prevention of re- 
pocketing and reinitiation of periodontal disease 
processes. 

An appropriate review of the literature also 
underscores the inadequacy of most therapies in 
the predictable treatment of the furcated tooth. 
“Maintenance” care, open flap and closed flap 
debridement of the furcation, chemical treatment of 
the root surfaces facing the involved furcation, and 
placement of various particulate materials without 
covering membranes have failed to demonstrate 
predictable success in the treatment of the peri- 
odontally involved furcation. 

Use of covering nonresorbable and resorbable 
membranes to treat involved furcations has tradi- 
tionally met with a varying degree of success, al- 
though strict diagnostic criteria and a number of 
technical modifications to the conventional tech- 
niques will yield a high degree of success in the 
treatment of many Class II buccal furcation involve- 
ments. Finally, the use of platelet-derived growth 
factors and a number of other growth factors shows 
great promise in effecting regeneration of damaged 
bone and attachment apparatus in the periodontal 
involved furcation. However, this is not the forum 
in which to discuss such therapies. 

It is nevertheless critical to realize that 
some therapeutic approaches are simply inade- 
quate in the treatment of furcations of varying 
degrees of involvement, while other approaches 
are predictable and straightforward in resolv- 
ing the problems associated with early furcation 
involvement. 

There is no doubt that periodontally involved 
furcations may not be predictably “maintained” 
through root planning and curettage and repeated 
maintenance care sessions. In a longitudinal study 
of patients who refused active periodontal therapy 
and underwent only continuing maintenance care, 
Becker et al. (1) reported an overall rate of tooth 
loss of 9.8% in the mandible and 11.4% in the max- 
illa. Patients demonstrated a rate of tooth loss of 


22.5% for mandibular furcated teeth, and 17% for 
maxillary teeth with furcation involvements. These 
findings underscore the fact that teeth with furca- 
tion involvements proved less amenable to main- 
tenance care than their single-rooted counterparts. 

Goldman et al. (2) assessed tooth loss in 211 
patients treated in periodontal private practices and 
maintained for 15-34 years on 3 or 6 months re- 
call schedule. Patients were treated with root plan- 
ning and curettage, and open flap debridement. No 
efforts were made to eliminate furcation involve- 
ments. The overall rate of tooth loss experienced 
over the course of patient care was 13.4%. How- 
ever, the incidence of tooth loss of maxillary and 
mandibular teeth with furcation involvements was 
30.7 and 24.2%, respectively. Teeth that exhibited 
furcation involvements were lost at a greater rate 
than nonfurcated teeth following therapy which did 
not eliminate the furcations, and continued main- 
tenance care. 

McFall (3) reported on tooth loss in 100 
treated patients with periodontal disease, who were 
maintained for 15 years or longer following active 
periodontal therapy. Once again, therapy did not 
eliminate the furcation involvements which were 
present. About 11.3% of all teeth were lost over 
the course of observation. Maxillary teeth which 
demonstrated furcation involvements were lost at 
a rate of 22.3% over the course of this study. 
Mandibular furcated teeth were lost at a rate of 
14.7%. 

Similar findings are repeated throughout the 
literature (4-6). 

As with other therapies, appropriate treat- 
ment of involved furcations depends upon many 
factors which are common to all aspects of den- 
tistry. These include proper patient selection, es- 
tablishment of adequate plaque control, formula- 
tion of a comprehensive overall treatment plan, and 
other factors previously discussed. However, a pe- 
riodontally involved furcation also presents unique 
challenges which demand innovative treatment ap- 
proaches and realistic assessment of when to main- 
tain a furcated tooth and when it must be removed 
and replaced. A study by Fleischer et al. (7) under- 
scores the fallacy of believing that total debride- 
ment of a periodontally involved furcation may be 
accomplished utilizing curettes and ultrasonic in- 
strumentation. Fifty molars were treated through 
either closed curettage or open flap debridement. 
All teeth were treated by experienced operators. 
The teeth were then extracted and stained for the 
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presence of plaque and/or calculus. Assessment of 
the extracted and stained teeth demonstrated that 
only 68% of the tooth surfaces facing the involved 
furcation were calculus free. 

While there is no doubt that the utilization of 
microscopy and appropriate instrumentation will 
greatly improve upon this level of efficacy of furca- 
tion debridement, the three-dimensional structure 
of the involved furcation will remain. The net re- 
sult will be repopulation of this area by plaque, and 
reinitiation of a periodontal inflammatory lesion. 
Such an approach will “slow down” the progres- 
sion of bone and attachment loss, and may prove 
valuable in an older patient or one who does not 
wish to undergo more comprehensive therapy. It is 
not a desired treatment end point in most clinical 
scenarios. Therapy must be aimed at eliminating 
the periodontally involved furcation and providing 
the patient with a milieu which is amenable to ap- 
propriate plaque control efforts. 

The treatment approach chosen, whether it be 
resection, regeneration, a combination of resection 
and regeneration, or tooth removal and implant 
placement, is dependent upon the involved furca- 
tion morphology. It is therefore critical that easy to 
use, Clinically applicable definitions of furcation in- 
volvements be employed to aid in the development 
of appropriate treatment algorithms. 

Furcation defects are described as a function 
of the extent of periodontal destruction in both the 
horizontal and vertical dimensions. 

Horizontal furcation involvements: 


(a) Class I: The entrance into the furcation pro- 
ceeds less than half of the horizontal dimen- 
sion of the tooth (Figure 9.1). 
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Figure 9.1 Class | furcation involvements are noted on both 
molars. 


Figure 9.2 Class II furcation involvements are present on 
both the first and second molars. The greater vertical com- 
ponent to the furcation involvement on the first molar ren- 
ders treatment of this area more problematic than the Class 
II furcation on the second molar. 


(b) Class II: Entrance into the furcation proceeds 
greater than half of the horizontal dimension 
of the tooth, but less than the full horizontal 
dimension of the tooth (Figure 9.2). 

(c) Class III: Entrance into the furcation pro- 
ceeds along the complete horizontal dimen- 
sion of the tooth, connecting both the buccal 
and lingual furcation entrances (Figure 9.3). 


Vertical furcation involvements: 


(a) Loss of attachment apparatus along less than 
25% of the vertical component of the furca- 
tion of the tooth. 


> & : `- 4 
Figure 9.3 Class IIl furcation involvements are noted on 
both the first and second molars. 
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Figure 9.4 The morphology of the root surfaces facing a 
periodontally involved furcation on a mandibular molar ren- 
ders appropriate debridement difficult if not impossible. 


(b) Loss of attachment apparatus along more 
than 25% but less than 50% of the vertical 
component of the furcation of the tooth. 

(c) Loss of attachment apparatus along more 
than 50% of the vertical component of the 
furcation of the tooth. 


While the vertical component of furcation involve- 
ment has significant ramifications in the treatment 
of Class II furcations, it plays no role in the treat- 
ment of Class I furcations, unless this involvement 
extends to such a degree that it either renders at- 
tainment of appropriate osseous morphologies im- 
possible, or reaches the apices of the tooth in ques- 
tion. In such situations, molar extraction and im- 
plant placement must be effected, as will be subse- 
quently discussed. 

Examination of the root morphologies fac- 
ing involved periodontal furcations demonstrates 
the difficulty, and often futility, in attempting to 
thoroughly debride these areas through the use of 
curettes and/or ultrasonic instrumentation, either 
through a closed or open flap approach (Figure 
9.4). Mandibular molars presenting with additional 
roots, whether they be fully formed or vestigial in 
nature, pose an even greater challenge to the treat- 
ing clinician (Figure 9.5). 

Cementoenamel projections represent an- 
other potential compromise in both periodontal 
health and periodontal treatment outcomes. Ce- 
mentoenamel projections prevent the establish- 
ment of a connective tissue attachment to the root 
surface, as connective tissue attachment to enamel 
is not possible. As a result, these enamel projec- 


Figure 9.5 The presence of an additional root complicates 
debridement of the periodontally involved furcation of the 
second molar. 


tions are a potential “funnel” for bacteria into the 
entrance of the furcation, as the only barrier to 
such bacterial penetration is an overlying junc- 
tional epithelial adhesion. Epithelial adhesion has 
been shown to “unzip” in the face of a plaque front 
and the resultant inflammatory insult. A Class I ce- 
mentoenamel projection, which extends less than 
25% of the root trunk toward the furcation en- 
trance, poses little concern with regards to peri- 
odontal health (Figure 9.6). However, a Class II ce- 
mentoenamel projection, which extends more than 
50% of the dimension of the root trunk toward the 
furcation entrance but does not actually reach the 
furcation entrance, should be viewed as a weak link 
to the fiber attachment periodontal defense system 
(Figure 9.7). A Class III cementoenamel projection, 
which by definition extends to or into the entrance 
of the furcation, is an absolute compromise to peri- 
odontal health, as no connective tissue attachment 
is present between the gingival sulcus and the en- 
trance to the furcation (Figure 9.8). Patients with 
such an abnormality are literally born with fur- 
cation involvements (Figure 9.9). Failure to treat 
these areas in a timely and effective manner often 
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Figure 9.6 A Class | cementoenamel projection is present 
on the first molar. 
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Figure 9.7 A Class II cementoenamel projection is present 
on the first molar. 


Figure 9.8 A Class III cementoenamel projection is present 
on the first molar. 


Figure 9.9 Flap reflection reveals a Class IIl cementoe- 
namel projection with the expected furcation involvement. 
The inability of the body to develop a connective tissue at- 
tachment to enamel renders this tooth highly susceptible to 
continued periodontal breakdown in the furcation area. 


leads to significant progression of periodontal dis- 
ease problems in the furcation area, and premature 
loss of the molar in question. 

Enamel pearls are also a concern (Figure 
9.10). They represent both an area devoid of con- 
nective tissue attachment to the root surface and 
a morphology which is conducive to plaque accu- 
mulation. 

Class I furcation involvements may be pre- 
dictably treated through odontoplasty (Flow chart 
9.1). The roof of the furcation is recontoured to 
eliminate the plaque trapping cul de sac which 
is present. The newly established tooth contours 
are then carried onto the radicular surfaces of the 
tooth to create a continuous, smooth morphology 
conducive to patient plaque control efforts (Figures 
9.11 and 9.12). This therapy is performed in con- 
junction with osseous resection and apically posi- 
tioned flaps. The end result of treatment is elimina- 
tion of deeper pocket depths and Class I furcation 
involvements. The definitions of success after such 
therapy has been performed are no probing depths 
in excess of 3 mm, and no entrance of a probe into 
the furcation of the tooth. Coincidental to the afore- 
mentioned odontoplasty is the elimination of all 
cementoenamel projections and/or enamel pearls. 
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Figure 9.10 The enamel pearl in the furcation area of the 
second molar not only prohibits development of connective 
tissue attachment in the region, but also serves as a nidus 
for plaque and calculus accumulation. 


Odontoplasty is highly predictable and may 
be carried out in either the presence or absence of 
a prosthetic commitment. After having performed 
such odontoplasty thousands of times in conjunc- 
tion with periodontal surgical intervention, only 
one instance has been encountered where the pa- 
tient demonstrated continued tooth sensitivity in 
the area of odontoplasty beyond a two-week pe- 
riod, in a tooth in which endodontic intervention 
was not already planned. 

Failure to eradicate early furcation involve- 
ments through odontoplasty will result in contin- 
ued periodontal breakdown and attachment loss 
in the furcation area, and eventual tooth loss. 
Figure 9.13 demonstrates a patient who presented 
with a Class III cementoenamel projection and was 
not treated through appropriate resective therapy. 
The result was continued periodontal breakdown. 
A Class III furcation involvement is now present on 
the tooth in question, which has a hopeless prog- 
nosis. Appropriate and timely intervention would 
have avoided such a development. 

Aggressive treatment of Class I furcation in- 
volvements must be viewed as conservative ther- 
apy. In a hypothetical situation, a 25-year-old pa- 
tient presents with excellent home care and mini- 


Figure 9.11 The patient presents with a Class | buccal 
furcation involvement and a Class II cementoenamel pro- 
jection. 


Figure 9.12 Following appropriate odontoplasty, the ce- 
mentoenamel projection has been removed and the Class | 
furcation involvement has been eliminated. Mucoperiosteal 
flaps will now be sutured at osseous crest. The end result 
of treatment will be an area which is easily maintained by 
the patient. 
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Figure 9.13 Failure to treat a Class IIl cementoenamel pro- 
jection in a timely and effective manner has resulted in the 
development of Class III furcation involvement and a hope- 
less prognosis for a mandibular first molar. 


mal probing depths. During examination, it is noted 
that the soft tissues in the buccal furcation area of a 
lower first molar are retractable. Further examina- 
tion demonstrates the presence of a Class II] cemen- 
toenamel projection. The clinician must now make 
a decision between two treatment approaches: 


(a) The patient could be placed on a strict main- 
tenance schedule and attempts could be 
made at “maintaining” the area in question 
through repeated professional prophylaxis 
visits and appropriate patient home care ef- 
forts. While this approach would at first ap- 
pear enticing, the net result of the failure 
to perform the appropriate therapy will be 
periodontal attachment loss and/or the de- 
velopment of a furcation involvement. 

(b) A periodontal surgical approach could be uti- 
lized which is characterized by conservative 
flap reflection and odontoplasty to eliminate 
the cementoenamel projection and any early 
furcation involvement which had developed. 
The result of this treatment approach will be 
elimination of the anatomical factors con- 
tributing to periodontal breakdown at the 
furcation area, and the establishment of hard 
and soft tissue morphologies which are con- 
ducive to both development of an appro- 
priate attachment apparatus, and effective 
home care efforts. 


Timely intervention in either areas of Class I furca- 
tion involvements or Class III cementoenamel pro- 
jections is a means by which to preserve alveolar 
bone and attachment apparatus on a given tooth, 
and to eliminate the need for more aggressive ther- 
apies at a later date. 

Class II furcation involvements cannot be 
eliminated through the use of odontoplasty. The 
resultant tooth contours, characterized by a deep 
notch in the treated furcation area, would harbor 
plaque and not be conducive to effective home care 
measures. When faced with Class II furcation in- 
volvements, if the tooth is to be maintained ei- 
ther resective techniques involving root resection 
or tooth sectioning, or regenerative techniques em- 
ploying membranes, graft materials, growth factors 
or other substances must be employed. There is no 
doubt that root resective and tooth sectioning tech- 
niques are highly effective if performed correctly 
in the appropriate cases. However, as already dis- 
cussed in Chapter 1, such a therapeutic approach is 
diagnosis and technique sensitive, and mandates a 
significant financial commitment. The question is 
whether such a commitment is warranted when we 
are now able to predictably utilize ossseointegrated 
implants to replace compromised molars. 

Nevertheless, it is important to understand 
the high-degree of predictability attainable through 
appropriately performed furcation resection ther- 
apy. 

Nabers et al. (8) treated 1,530 patients with 
severe periodontal disease and followed them for 
an average time of 12.9 years posttherapy. All pa- 
tients were treated with resective periodontal ther- 
apy, including furcation elimination through root 
resection or tooth sectioning. An average of 0.29 
teeth was lost over the observation time of the 
study. 

Carnevale et al. assessed the results of resec- 
tive therapy of 500 sectioned teeth restored and fol- 
lowed for 3-11 years posttreatment. About 94.3 % 
of these teeth were periodontally healthy and func- 
tioning successfully at the end of the observation 
period. 

A paper published in 2001 documented the 
success and failure of 701 root-resected molars fol- 
lowed for up to 16 years with a mean time in func- 
tion of 8.1 years (9). The cumulative success rate 
of the root-resected molars, with success being de- 
fined as periodontal stability with no further at- 
tachment loss or increase in probing depth, was 
96.8%. 
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If such levels of predictability are attainable 
through root resection, endodontic therapy, and 
tooth restoration, it is imperative that other treat- 
ments be considered, such as tooth replacement 
with an implant and crown, at least match this 
level of success. 

As root resection and endodontic and restora- 
tive intervention have become less desirable, due to 
either a lack of facility with the techniques, finan- 
cial considerations, or both, various regenerative 
approaches have been championed for treatment 
of Class II furcation involvements. 

Unfortunately, preliminary positive results 
utilizing either membrane-assisted guided tissue re- 
generation or other types of grafting and regener- 
ative techniques have led some researchers and 
clinicians to hail a given regenerative approach as 
a guaranteed means of eliminating Class II fur- 
cation involvements. Each approach in turn has 
been offered as a method for easily attaining reat- 
tachment and closure of periodontally involved 
furcations. 

As successive products and techniques have 
fallen short of this claim upon subsequent exami- 
nation, many clinicians have been all too ready to 
condemn specific treatment approaches as short- 
term solutions at best. The truth undoubtedly lies 
between the two extremes. 

Numerous materials and techniques have 
demonstrated great promise in regenerating alve- 
olar bone and attachment apparatus in Class II 
furcation areas. While each of these approaches 
requires further study and clinical documentation, 
they should not be completely abandoned. 

Regardless of which material and approach 
are utilized to attempt regeneration in a periodon- 
tally involved furcation, the following diagnostic 
and technical modifications to conventional tech- 
niques undoubtedly prove helpful and worthwhile. 

All furcations should be debrided with ei- 
ther microscope-assisted instrumentation or ro- 
tary burs. Periodontal regeneration in the pres- 
ence of residual plaque and calculus is highly un- 
predictable. If all root surfaces bordering a given 
furcation cannot be accessed for appropriate de- 
bridement, regenerative therapy should not be at- 
tempted. 

Odontoplasty should be performed on all 
Class II furcations to an extent which would elimi- 
nate the horizontal component of a Class I furcation 
for the tooth in question. Decreasing the horizon- 
tal component of the involved furcation places a 


lesser demand on the regenerative procedure to ef- 
fect furcation closure. This fact is especially impor- 
tant when employing time sensitive materials such 
as resorbable membranes, or nonresorbable mem- 
branes which must be removed 6-8 weeks after 
insertion due to plaque accumulation and/or host 
response. 

An in-depth discussion of various materials 
now being tested and utilized to effect periodontal 
regeneration in Class II furcations is not the pur- 
pose of this chapter. 

Regenerative therapy performed in Class III 
furcations is wholly predictable, but discouraging. 
Therapy is never successful. To date no techniques 
have proven effective in regenerating lost alveolar 
bone and attachment apparatus, and attaining fur- 
cation closure when treating Class III furcations. 


Implant Placement at the Time of 
Mandibular Molar Extraction 


Modifications and combinations of existing surgi- 
cal techniques now afford the opportunity to ide- 
ally position implants in mandibular molar sites 
at the time of tooth extraction. Concomitant bone 
regenerative therapy is often performed around the 
implant at the time of placement, obviating the 
need for a second surgical session and significantly 
contracting the overall length of therapy. Replace- 
ment of hopeless or missing mandibular molars 
with implant restorations has undergone signifi- 
cant evolution since the introduction of ossseointe- 
grated implants in the early 1980s. Treatment ap- 
proaches advocated at various times in the last 25 
years have included: 


1. Tooth extraction, defect debridement, 
and implant placement approximately 12 
months following resolution of any “inflam- 
matory lesions in” the bone: While this ap- 
proach agreed with the original protocols con- 
cerning implant placement in “infected sites,” 
it presented a number of disadvantages. In ad- 
dition to significantly protracting the course of 
therapy, the degree of alveolar ridge resorp- 
tion postextraction was unpredictable, often 
resulting in less than ideal alveolar bone at 
the receptor site for eventual implant place- 
ment. 

2. Tooth extraction and defect debridement 
followed by immediate placement of two 
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implants in the root extraction sockets: This 
approach helped to avoid postextraction bone 
resorption, and permitted the clinician to af- 
fect implant placement in a fresh extraction 
socket of sufficient dimension. Unfortunately, 
the final prosthetic result of two “bicuspids” 
was less than ideal. The concept of “bicus- 
pidization” of a mandibular molar presenting 
with a deep furcation involvement was devel- 
oped for utilization during resective periodon- 
tal therapy and periodontal prosthetic recon- 
struction. This concept is inherently flawed. 
The result of sectioning a mandibular molar is 
not two bicuspids. If the ratio of the mesiodis- 
tal dimension to the buccolingual dimension 
of the created “interproximal space” is exam- 
ined, it does not approach the ratio of the 
space between mandibular bicuspids. As a re- 
sult, unless the roots of the mandibular molar 
are more dramatically flared than normal, or 
orthodontic therapy is employed to separate 
the sectioned roots, the result is an interproxi- 
mal space which heals with a nonkeratinized, 
concave soft tissue col form, posing a signif- 
icant challenge to home care efforts (Figures 
9.14-9.17). While the ossseointegrative bond 
has been shown to be less susceptible to ex- 
tension of an inflammatory lesion from the 
gingival sulcus than its natural tooth counter- 
part, it is by no means impervious. A treat- 
ment approach which results in a potential 


Figure 9.14 A Class II buccal furcation involvement is 
present on a mandibular first molar. 


Figure 9.15 A lingual view demonstrates no periodontal 
involvement of the lingual furcation of the first molar. 


area for greater plaque accumulation, and dif- 
ficulty in plaque control efforts, should not be 
considered ideal. 


. Extraction of a hopeless mandibular molar, 


defect debridement, and placement of an 
implant in one of the root sockets, followed 
by restoration with a molar-sized crown: 
This approach eliminated the aforementioned 
concern of two implants placed closely to- 
gether in the root extraction sockets. How- 
ever, the final treatment result was by no 
means ideal, resulting in a mesial cantilever 


Figure 9.16 A mandibular first molar has been sectioned. 
This “bicuspidization” does not result in two bicuspids. 
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Figure 9.17 Following extraction of the mesial root of the 
mandibular first molar, it is evident that a ratio of the bucco- 
lingual to mesiodistal dimensions of the interradicular bone 
between the sectioned roots of the mandibular molar would 
not have been equal to the same ratio between the two 
adjacent bicuspids. Retention of both roots of the sectioned 
mandibular molar would have resulted in an area of difficult 
maintenance for the patient. 


of the implant restoration, and an area of po- 
tential plaque accumulation (Figure 9.18). 

4. Tooth extraction, defect debridement, and 
placement of particulate graft material in 
the extraction socket defects, followed by 
second-stage implant placement: This ap- 


Figure 9.18 An implant has been placed in the mesial root 
socket of a mandibular first molar by a previous practitioner. 
The restoration recreated a “furcation” in the area, repre- 
senting a hindrance to proper patient plaque control. 


proach has traditionally offered an incremen- 
tal improvement in treatment outcomes over 
Option 1. However, as was discussed in Chap- 
ter 2, placement of particulate graft materials 
without the appropriate covering membrane, 
while effecting greater socket fill than tooth 
extraction with no graft material, results in a 
final alveolar bone quantity and morphology 
which is unpredictable. 

5. Tooth extraction followed by particulate 
graft placement and utilization of an ap- 
propriate covering membrane, as discussed 
in Chapter 2, with subsequent second-stage 
implant placement: This approach affords 
the clinician the ability to predictably re- 
build the desired alveolar ridge morphology 
in anticipation of eventual implant placement. 
Such an approach idealizes implant position, 
and allows selection of the desired implant 
morphology. The only disadvantage to this 
treatment approach is the need to perform a 
second surgical procedure (Figures 9.19 and 
9.20). 

6. Tooth extraction and immediate implant 
placement in an ideal restorative position, 
without the use of concomitant regenera- 
tive materials: The greatest challenge to per- 
forming this therapy is the ability to ideally 
position an implant of the desired dimension 
in the area of the interradicular bone. All too 


Figure 9.19 Extensive alveolar bone loss is noted around 
a fractured and hopeless mandibular first molar. As a result 
of this bone destruction it was determined that an implant 
could not be placed in an ideal position at the time of tooth 
removal. 
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Figure 9.20 Following tooth extraction, defect debride- 
ment, and utilization of particulate material and a covering 
titanium membrane, a prepathologic ridge morphology has 
been regenerated in anticipation of implant placement. 


often a clinician chooses to either place the 
implant into one of the extraction sockets, 
or utilizes a narrower implant than ideally 
desired in order to anchor it in the residual 
interradicular bone. Either approach repre- 
sents a compromise in treatment outcomes. 
Assuming that the ideal implant position of 
a fixture of the desired dimensions and mor- 
phology has been attained, the failure to per- 
form concomitant regenerative therapy rep- 
resents another potential treatment compro- 
mise. There is no doubt that an implant placed 
in a mandibular molar extraction socket with- 
out concomitant therapy will attain osseointe- 
gration. However, Becker et al. have demon- 
strated that significant socket remodeling will 
occur, resulting in loss of buccolingual socket 
dimension and crestal height to varying de- 
grees. 

7. Tooth extraction followed by ideal implant 
positioning and concomitant regenerative 
therapy: This treatment approach should not 
be employed unless an implant of the desired 
dimension and morphology can be placed in 
an ideal restorative position. If such place- 
ment may be effected, the use of concomi- 
tant regenerative therapy will result in both 
preservation of all remaining alveolar bone in 
the extraction socket area, re-establishment 
of prepathologic alveolar ridge morphology, 
and bone buccal and lingual to the implant 


of sufficient thickness to withstand functional 
forces over time. The need for a second sur- 
gical session is thus eliminated. 


Should there be doubt about the ability to attain pri- 
mary stability of an appropriately sized implant in 
an ideal restorative position at the time of mandibu- 
lar molar extraction, such therapy should not be 
attempted. Rather, appropriate regenerative tech- 
niques should be employed to regenerate prepatho- 
logic alveolar ridge morphology in anticipation of 
eventual implant placement. 


Clinical Example One 


A patient presented with a vertically fractured 
mandibular left first molar (Figure 9.21). At the 
time treatment was performed, techniques were 
not available to predictably place an implant of 
the desired dimension in an ideal restorative posi- 
tion in such a site. As a result, the tooth was sec- 
tioned and extracted, and particulate material and a 
covering membrane were utilized to regenerate the 
damaged alveolar bone in the region. A radiograph 
taken six months posttherapy demonstrates bone 
regeneration in the extraction socket region (Figure 
9.22). A Straumann implant with a 4.8-mm-wide 
body and a 6.5-mm-wide restorative platform was 
placed and restored with a solid abutment and sin- 
gle crown. Six years postrestoration, a radiograph 


Figure 9.21 The mandibular first molar is hopeless due 
to the presence of a vertical fracture. At the time when 
treatment was performed, techniques were not available to 
ideally position an implant of desired dimension at the time 
of mandibular molar extraction. 
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Figure 9.22 Following tooth sectioning and extraction, de- 
fect debridement and utilization of appropriate regenerative 
materials, extensive bone regeneration is noted in the area 
of the first molar. An implant of the desired dimension may 
now be placed in an ideal prosthetic position. 


Figure 9.23 An implant with a 4.8-mm-wide body and a 
6.5-mm-wide restorative platform has been restored with 
an abutment and crown, and has been in function for over 
five years. 


demonstrates stability of the peri-implant alveolar 
bone (Figure 9.23). 


INTRAOPERATIVE SITE ASSESSMENT 


While most multirooted mandibular teeth may be 
removed and replaced with an implant in one 
surgical session, it is important to assess the surgi- 
cal site after tooth removal and defect debridement 
has been accomplished (Flow chart 9.2). 


Figure 9.24 A second molar presents with an intrafurcal 
fracture and a hopeless prognosis. During tooth extraction, 
repeated root fracture necessitated the use of rotary instru- 
ments, resulting in significant trauma to the residual alveo- 
lar bone. As a result, regenerative therapy was performed 
without implant placement. 


All mandibular multirooted molars to be re- 
moved are hemisected (or trisected in the rare cases 
of three-rooted mandibular molars), and the roots 
are carefully removed one at a time so as to pre- 
serve all remaining interradicular bone. Occasion- 
ally, a tooth is encountered which has undergone 
significant endodontic and restorative therapy, and 
which fractures repeatedly during the extraction 
process. Should this be the case, excessive trauma 
and/or the use of high-speed instrumentation may 
be necessary to effect removal of tooth fragments. 
It is then prudent to perform guided bone regener- 
ation therapy with the appropriate graft materials 
and covering membrane rather than to place an im- 
plant in a site of overly traumatized bone (Figures 
9.24 and 9.25). The site will be re-entered following 
maturation of the regenerated hard tissues to place 
the planned implant in an ideal prosthetic position. 

The presence of a periodontal and/or peri- 
apical inflammatory lesion around the tooth to be 
extracted is not a contraindication to immediate 
implant placement with concomitant regenerative 
therapy. However, the extent and morphology of 
alveolar bone destruction as a result of the afore- 
mentioned infection may preclude immediate im- 
plant placement. 

Figure 9.26 demonstrates a tooth which was 
to be hemisected and removed. Implant placement 
was anticipated during the same visit, following de- 
fect debridement. However, after hemisection and 
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Figure 9.25 Six months after tooth removal and appropri- 
ate regenerative therapy, more than adequate bone regen- 
eration has occurred to allow ideal positioning of an implant 
of the desired dimensions and morphology. 


removal of tooth number 19 and debridement of the 
inflammatory lesion, inadequate alveolar bone re- 
mained to effect ideal implant positioning. The two 
inflammatory lesions at the apices of the mesial and 
distal roots communicated through the interradicu- 
lar septum, undermining the septum and eliminat- 
ing the bone necessary for attainment of primary 
implant stability in the proper position. As a result 
of these findings, guided bone regeneration was 


Figure 9.26 The first molar presents with a hopeless prog- 
nosis. Following tooth sectioning and extraction, and de- 
bridement of the periapical lesions which were present, 
the interradicular bone was undermined and incapable of 
supporting an implant in an ideal restorative position. As a 
result, regenerative therapy was performed without implant 
placement. 


Figure 9.27 Six months after the aforementioned regen- 
erative therapy, more than adequate bone regeneration is 
evident for ideal positioning of an implant of the desired 
dimensions and morphology. 


performed in the socket area at the time of tooth 
removal. Five and a half months postoperatively, 
more than adequate bone is present to effect im- 
plant placement in an ideal position (Figure 9.27). 


IMPLANT SELECTION 


Most clinicians now advocate the use of a wider 
platform implant to replace a missing molar rather 
than two narrower implants, for reasons previ- 
ously discussed. Figure 9.28 demonstrates two 6- 
mm-wide hex-headed fixtures restored with abut- 
ments and cemented crowns, utilized to replace 
missing first and second molars. Utilization of 


Figure 9.28 Two missing mandibular molars have been re- 
placed with 6-mm-wide implants, abutments, and cemented 
crowns. 
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narrower implants would have required either 
placement of additional implants, resulting in in- 
creased cost of therapy and more difficulty in 
patient home care efforts, or placement of two 
narrower implants which would have resulted in 
crowns with significant mesial and distal can- 
tilevers. 

While the advent of various implant dimen- 
sions and morphologies offers a number of func- 
tional and aesthetic advantages in the replacement 
of individual teeth throughout the mouth, it is im- 
perative that this plethora of available designs not 
be seen as a substitute for appropriate diagnosis 
and execution of therapy as needed, but rather as 
an adjunct to the care to be performed. 

The introduction of wider diameter implants, 
and their widespread use to replace missing molars 
in atrophic alveolar ridges, initially led to a number 
of untoward results. Numerous authors reported a 
loss of buccal bone around these implants under 
function over time, in the absence of inflamma- 
tory lesions. There is no doubt that this observed 
phenomenon was due to the implants having been 
placed in areas which resulted in very thin resid- 
ual buccal alveolar plates. As previously discussed, 
such thin alveolar bone is highly labile, and sus- 
ceptible to resorption under functional load. This 
is especially true around implants, as the forces 
placed upon the implants are distributed primarily 
to the crestal bone region. 

When considering implant placement in an 
area where a mandibular molar has been miss- 
ing for quite some time, it is important to assess 
the amount of ridge atrophy which has occurred 
(Figure 9.29). While it is theoretically possible to 


Figure 9.29 Significant ridge atrophy has occurred follow- 
ing loss of a mandibular molar. 


Figure 9.30 Placement of a wide implant in an ideal pros- 
thetic position in this atrophic ridge has resulted in a signif- 
icant buccal dehiscence. 


place the implant in a more lingual position so as 
to preserve what atrophic buccal bone remains, 
such a treatment approach is far from ideal. An 
implant of the desired dimension should instead 
be placed in an ideal restorative position (Figure 
9.30), and concomitant regenerative therapy car- 
ried out at the time of implant placement as nec- 
essary, to ensure regeneration of bone of adequate 
dimension to withstand functional forces over time 
on the buccal aspect of the implant (Figure 9.31). 
Atrophic molar areas present a unique chal- 
lenge when contemplating utilization of a wider 
platform implant to support a restoration. In such 


Figure 9.31 Regenerative therapy must be performed to 
rebuild buccal alveolar bone of sufficient dimension to with- 
stand functional forces over time. 
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areas, specific implant designs offer tangible bene- 
fits over other morphologies. 

In general, two wide platform implant designs 
are available for use in such situations. The first is 
a tapered implant which presents with a 6- or 6.5- 
mm-wide restorative platform, and tapers to a nar- 
rower “apical” diameter. The second design is one 
with a nontapering body, and flares to the desired 
wider restorative platform supracrestally. The re- 
sults attained utilizing each implant design are not 
the same. 

If a mandibular molar has been missing for 
some time and significant ridge atrophy has oc- 
curred, a threaded implant is utilized with a 4.8- 
mm-wide straight-walled body and a 6.5-mm-wide 
restorative platform. The implant flares from 4.8 
to 6.5 mm in width in the supracrestal area, be- 
tween the bone crest and the implant collar (Fig- 
ure 9.32). Utilization of this design affords the ad- 


Figure 9.32 An implant has been placed in an atrophic 
mandibular ridge. Utilization of an implant design with 
a straight-walled 4.8-mm-diameter body, a 6.5-mm-wide 
restorative platform, and a flare of the implant supracre- 
stally from the body diameter to the restorative platform 
diameter results in maximum preservation of residual alve- 
olar bone on the buccal and lingual aspects of the implant. 


Figure 9.33 Placement of a tapered implant with a 4.8-mm 
apical diameter and a6.5-mm restorative platform diameter, 
which begins to broaden subcrestally as it expands to the 
restorative platform diameter in an atrophic ridge, results in 
thinner residual buccal and lingual alveolar bone than the 
utilization of the implant design in Figure 9.32. 


vantages of a wider restorative platform, while 
still preserving the maximum thickness of bone 
possible on the buccal and lingual aspects of the 
implant. 

In contrast, if a more conventional tapered 
implant design is employed, which is 4.8 mm wide 
at its base and has a 6.5-mm-wide restorative plat- 
form, but begins to flare to the final restorative di- 
mension subcrestally as the diameter of the implant 
increases, the residual alveolar bone thickness on 
the buccal and lingual aspects of the implant is sig- 
nificantly reduced (Figure 9.33). This thinner bone 
is more susceptible to resorption under functional 
load than the thicker bone preserved through the 
utilization of the previously described implant mor- 
phology. 

Such considerations do not come into play 
if an implant is being placed at the time of 
mandibular molar sectioning and extraction, as no 
ridge atrophy has occurred, and the buccolingual 


Roles of Resective, Regenerative, and Implant Therapies 263 


Figure 9.34 Placement of an implant at the time of 
mandibular molar extraction with appropriate regenerative 
therapy results in more than adequate buccal and lingual 
bone thickness to withstand functional forces over time. 


dimension of the extraction socket is significantly 
greater than the buccolingual ridge width encoun- 
tered in an area where a mandibular molar has 
been missing for some time. 

When placing an implant at the time of 
mandibular molar extraction, utilization of either 
implant design with the appropriate concomitant 
regenerative therapy will result in bone of ade- 
quate thickness buccally and lingually to with- 
stand functional forces over time (Figures 9.34 and 
9.35). 

The primary determining factor in choosing 
one implant design over the other when placing 
a fixture at the time of mandibular molar extrac- 
tion is the ability to attain primary stability in the 
residual interradicular bone, in an ideal restorative 
position. It is for this reason that a third implant 
design is also utilized in these situations. This im- 
plant is characterized by a 4.1-mm-wide base, and 
a 6.5-mm-wide restorative platform. The implant 
does not begin to flare toward the 6.5-mm-wide 
neck diameter until the midpoint of the implant 


Figure 9.35 Utilization of a tapered design implant, which 
begins to broaden subcrestally to the final restorative plat- 
form diameter at the time of mandibular molar removal, with 
appropriate regenerative therapy, also results in more than 
adequate buccal and lingual bone thickness to withstand 
functional forces over time. Implant design selection is de- 
pendent upon the ability to attain primary stability in the 
desired position, rather than the impact of implant design 
on the residual buccal and lingual alveolar bone width. 


length is reached. This implant is especially use- 
ful for placement at the time of molar extraction 
if a narrower implant “apex” is required to anchor 
the implant in thinner residual interradicular bone 
(Figure 9.36). 


Concomitant Tooth Extraction and 
Implant Placement 

Technical Variations 

Following tooth sectioning and delicate removal of 
each root independently, implant placement pro- 
ceeds in one of the following manners: 


If the most crestal aspect of the interradic- 
ular bone is at least 3-mm-wide mesiodis- 
tally: A 2.2-mm-wide guide bur is drilled to the 
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Figure 9.37 Following removal of a mandibular first molar, 
an osteotomy was performed in the interradicular bone. A 
guide pin has been placed and a radiograph taken. 


with a 4.8-mm-wide parallel wall body and a 
6.5-mm-wide platform. The chosen implant is 
then inserted into the osteotomy (Figure 9.38). 
Appropriate regenerative materials are placed, 
and the flaps are sutured. Following matura- 


Figure 9.36 An implant design with a 4.1-mm apical diam- tion of the regenerating hard tissues, the im- 
eter anda 6.5-mm restorative platform is often employed for plant is ready for restoration (Figure 9.39). 
simultaneous implant placement at the time of mandibular A radiograph taken 54 months after implant 
molar removal in areas of thin residual interradicular bone. restoration demonstrates stability of the peri- 


implant crestal bone (Figure 9.40). 


appropriate depth. A guide pin is inserted and 
a radiograph is taken (Figure 9.37). If nec- 
essary, the initial osteotomy is extended api- 
cally. A tapered osteotome is inserted into the 
osteotomy and moved mesiodistally and buc- 
colingually to expand the osteotomy site. A 
2.8-mm bur is used to prepare the osteotomy 
to depth. A 2.8-mm-wide tapered osteotome 
is inserted in the osteotomy and once again 
utilized in mesiodistal and buccolingual di- 
rections to expand the osteotomy site. If the 
mesial and distal aspects of the interradicular 
bone are still intact at this point, a 3.5-mm- 
wide osteotome is inserted into the osteotomy 
and utilized in the manner already described. 
A decision is made as to whether to place a 


tapered implant with a 4.1-mm-wide base and Figure 9.38 A straight-walled implant with a 4.8-mm body 
a 6.5-mm-wide neck, or to utilize a 4.8-mm- diameter and a 6.5-mm restorative platform diameter has 
wide bur and prepare the osteotomy to depth, been placed in the interradicular bone following tooth sec- 


in anticipation of placement of an implant tioning and removal. Primary stability has been attained. 
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Figure 9.39 Following manipulation of the interradicular 
bone, implant placement, and performance of concomitant 
regenerative therapy, the hard tissues are mature and the 
implant is ready for restoration. 


Figure 9.41 The mandibular second molar is fractured. 
Note the periapical lesions around this tooth. 


of the mesial and/or distal aspects of the in- 
terradicular bone (Figures 9.41 through 9.44), 
it is imperative that final preparation of the 
osteotomy be accomplished in the appropriate 
position. The challenge to the clinician is the 
tendency of the bur to chatter and “walk out 
of” the osteotomy into one of the root sockets, 
due to loss of the mesial and/or distal bony re- 
taining wall(s). Precise osteotomy preparation 


Figure 9.40 A radiograph taken 54 months after implant 
restoration demonstrates the stability of the crestal peri- 
implant bone. 


If the interradicular bone does not demon- 
strate a mesiodistal dimension of at least 3 
mm, or if the mesial and/or distal aspects 
of the interradicular septum are lost during 
site preparation, the following modifications = š 
are employed: Once the tooth has been hemi- 7 ~ á ro 
sected and removed, the depth and position oo | a = — — 
of a guide pin are verified by a radiograph. If Figure 9.42 The first molar has been extracted and hemi- 
continued site preparation will result in loss sected without damaging the interradicular bone. 
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Figure 9.43 An initial osteotomy has been prepared in the 
interradicular bone utilizing a 2.2-mm-wide bur. 


Figure 9.44 A radiograph of a guide pin in the prepared 
osteotomy. 


in such a situation is accomplished through the 
use of a modified drilling technique, employ- 
ing differential pressure. The bur enters the 
interradicular bone at an angle, with the base 
of the bur engaging the lateral wall of the most 
apical extent of the osteotomy preparation. As 
the bur achieves a set point in the interradic- 
ular bone, it is straightened up and osteotomy 
preparation is begun. Osteotomy preparation 
continues in the same manner, with each sub- 
sequent bur requiring a less acute initial angle 
of entry. Upon completion of the osteotomy, 
the implant is placed in an ideal restorative 
position (Figures 9.45 and 9.46). Following 
bone regeneration and osseointegration, the 
implant is ready to be restored with a sin- 
gle crown. A radiograph taken after the im- 
plant has been in function for over seven years 
demonstrates stable peri-implant crestal levels 
(Figure 9.47). 


Figure 9.45 An implant with a parallel wall 4.8-mm-wide 
body and a 6.5-mm-wide restorative platform has been 
placed in the interradicular bone following appropriate 
preparation. 
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Figure 9.46 Another view of the implant in the interradic- 
ular bone. Note that the mesial and distal aspects of the 
interradicular septum have been lost. The implant attained 
primary stability from the buccal and lingual aspects of the 
interradicular bone. 


Figure 9.47 A radiograph of the restored implant taken 
after more than seven years in function demonstrates stable 
peri-implant crestal bone levels. 


Clinical Example Two 


A 65-year-old female presented with a missing 
mandibular left second molar, and a decayed and 
periodontally hopeless first molar (Figure 9.48). 
Following hemisection and extraction of the hope- 


Figure 9.48 The mandibular second molar is missing and 
the mandibular first molar is hopeless. 


less first molar, initial osteotomies were prepared 
in the molar sites and guide pins were inserted 
(Figure 9.49). Manipulation of the interradicu- 
lar bone in the area of tooth number 19 was 
completed, and two parallel-wall 4.8-mm-diameter 
implants with 6.5-mm-diameter platforms were 
placed in the molar positions. Appropriate regen- 
erative materials were utilized. Soft tissue primary 
closure was attained and maintained throughout 
the course of regeneration. A radiograph taken six 
months after therapy was performed demonstrated 
consolidation of the regenerating bone around the 
implant in the position of the first molar (Figure 
9.50). The stability of the peri-implant crestal bone 
after more than 42 months in function is evident 
radiographically (Figure 9.51). 


Figure 9.49 Following hemisection and extraction of the 
first molar, initial osteotomies have been performed and 
measuring pins inserted. 
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Figure 9.50 Six months after implant and regenerative 
therapy, consolidation of the regenerating bone around the 
implant in the first molar position is evident. 


Clinical Example Three 


A 61-year-old male presented with a fractured and 
hopeless mandibular second molar, the terminal 
abutment for a three-unit fixed splint (Figure 9.52). 
Following hemisection and extraction of the first 
molar, the interradicular bone was manipulated 
and prepared. Due to the position of the interradic- 
ular bone, it was crucial that a modified drilling 
technique be used for osteotomy preparation. If 
the angulation of the osteotomy was followed, the 


Figure 9.51 A radiograph taken after 42 months in function 
demonstrates the stability of the crestal peri-implant bone 
around both implants. 


peed ? : 
Figure 9.52 The mandibular left second molar is fractured 
and hopeless. 


positioning of this implant would have been non- 
ideal. Rather, the bur entered the distal aspect of 
the interradicular bone at the point which repre- 
sented the center of the desired implant placement. 
A drilling technique was then utilized which em- 
ployed the side of the bur to help prepare the os- 
teotomy against the distal aspect of the interradicu- 
lar bone. This variable pressure drilling technique 
allowed for ideal positioning of the bur as it pre- 
pared the interradicular bone at the desired an- 
gle. Once the bur passed through the interradic- 
ular bone, and engaged the bone apical to the 


‘ee 


Figure 9.53 Following hemisection and extraction of the 
hopeless molar, implants are placed in the first and second 
molar positions, utilizing specific interradicular bone prepa- 
ration techniques. Note the positioning of the implant in the 
second molar site so as to provide adequate dimension for 
ideal placement of an implant in the first molar area. 
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Figure 9.54 A radiograph taken after 46 months in function 
demonstrates the stability of the crestal peri-implant bone 
around both implants. 


interradicular bone, the site preparation took on a 
more conventional nature. Implants were placed in 
the first and second molar positions (Figure 9.53). 
Note the positioning of the most distal implant so 
as to provide adequate dimension for appropriate 
placement of an implant in the first molar posi- 
tion. A radiograph taken after 46 months in func- 
tion demonstrates the stability of the crestal peri- 
implant bone around both implants (Figure 9.54). 


Conclusions 


The described techniques are highly predictable, 
and help ensure ideal implant positioning at the 
time of mandibular molar extraction. A total of 
341 implants have been placed and subsequently 
restored utilizing these techniques. Two hundred 
four of the implants are 4.8-mm-wide parallel wall 
implants with a 6.5-mm-wide restorative platforms, 
and 137 are tapered implants with a 4.1-mm-wide 
base and a 6.5-mm-wide restorative platform. Two 


implants were lost during the initial stages of heal- 
ing. No implants have been lost in function, yield- 
ing a cumulative success rate of 99.1%. The im- 
plants have been in function for up to 5 years with 
a mean time in function of 30.7 months (10). 
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* Dependent upon implant surface 
# Dependent upon regenerative materials utilized 


Flow chart 9.2 Treatment decisions following mandibular molar extraction. 
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Introduction 


Any discussion of alveolar ridge or socket preser- 
vation following tooth extraction in the esthetic 
zone must proceed within the context of implant 
dentistry as a primarily prosthetic treatment. The 
therapeutic targets of comfort, function, and pre- 
dictability are desirable and achievable goals with 
implant-supported restorations. High success rates 
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have been attained in both fully edentulous (1) 
and partially edentulous situations (2). However, 
implant dentistry in the esthetic zone takes on 
added importance. Treatment outcomes that are 
functionally successful but esthetic failures are po- 
tential catastrophes (3) (Figure 10.1). For that rea- 
son, an interdisciplinary team effort is required to 
maximize treatment outcomes. An implant team 
consisting of the restoring dentist, surgeon, or- 
thodontist, laboratory technician, and patient is of- 
ten necessary to bring about a desired treatment 
outcome. 


The Esthetic Concept 


Esthetic criteria proposed for dental implant 
restorations have been inspired by those applied 
to natural teeth with respect to circumdental soft- 
tissue contours, which include bilaterally symmet- 
rical gingival heights, intact interdental papillae, 
and naturally occurring root convexities (4-8) (Fig- 
ure 10.2). However, fulfilling these esthetic criteria 
may be in conflict with the technical challenges 
posed by tissue inadequacies. For example, deep 
implant placement, excessive countersinking, and 
buccal angulation in an effort to compensate for 
insufficient bone dimensions can result in undesir- 
able treatment outcomes such as tissue recession, 
elongated crowns or incomplete papillae (4, 8, 9) 
(Figure 10.3). 

Classical implant protocols suggested tooth 
removal followed by at least a 12-month healing pe- 
riod before implant placement (10). However, hard 
and soft tissue changes that occur following tooth 
extraction often result in inadequate alveolar ridge 
dimensions for proper implant placement. In such 


Alveolar Bone Preservation 273 


Figure 10.1 (a) An example of an adverse esthetic result on a single tooth implant in the area of tooth number 9. The patient 
initially presented with a highly scalloped periodontium, and developed gingival recession twelve months following restoration 
of the implant fixture. (b) A radiograph of the implant in the tooth number 9 position, showing evidence of osseointegration. 


a scenario, preparatory ridge reconstruction should 
be undertaken (11, 12). Alveolar ridge preserva- 
tion procedures have been devised to reduce the 
extent of postextraction modeling, and to promote 
both the efficiency and predictability of restoration- 
driven implant dentistry (13-17). Other treatment 
modalities have been introduced with the intention 
of reducing the number and intrusiveness of sur- 
gical interventions, and treatment duration. These 
developments include rough and bioactive implant 
surfaces (18, 19) which allow for earlier implant 
placement; the successful use of short implants (20, 
21), which decreases the need for bone augmenta- 
tion procedures; early-loading protocols; (22) and 
the use of growth factors intended to promote bone 
regeneration (16, 17). 


External Dimensional Changes 
Following Tooth Extraction 
(Modeling) 


It has long been acknowledged that the shape of the 
alveolar ridge is related to the presence and posi- 
tion of the teeth, and that there is a variable degree 
of bone resorption and remodeling following tooth 
loss (23-25). Numerous studies have documented 
significant dimensional changes in both height and 


width of the alveolus following tooth loss (13, 14, 
25, 26). Approximately two-thirds of these changes 
were found to occur in the first few months of post- 
extraction healing (26, 27). Botticelli et al. (28) re- 
ported horizontal reduction of 56 and 30% of the 
buccal and lingual aspects of the ridge respectively, 
four months after tooth extraction. Schropp et al. 
(26), in a human study utilizing subtraction ra- 
diography, found that during the first 12 months 


(d) 


Figure 10.2 Clinical gingival characteristics of a harmo- 
nious smile include: (a) symmetry of the gingival line, (b) 
ideal apico-coronal/mesiodistal (golden) proportions of the 
clinical crown, (c) interdental papillae fully occupying the 
embrasures, and (d) naturally occurring root convexities. 
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Figure 10.3 (a) Gingival recession and asymmetry of the gingival line are evident in the area of teeth numbers 8 and 9. 
(b) Radiographic examination revealed the platform of the implant fixture to be located approximately 10 mm apical to an 
imaginary line connecting the buccal cemento enamel junctions (CEUs) of the adjacent teeth. Ideally, the distance should be 
between 2 and 3 mm. Because of a significant hard tissue deficiency, the implant fixture was placed in an extremely apical 
position, resulting in an extensive area of nonbone-supported gingival tissue. Over time, the soft tissue receded, resulting 
in an esthetic dilemma for the treating dentist and the patient. The extraction area should have been treated with a ridge 
preservation procedure and/or ridge augmentation procedure to prevent this problem. 


postextraction the alveolar ridge width was re- 
duced by 50%. Pietrokovski and Massler (29), em- 
ploying plaster casts, and Araujo et al. (25) in a dog 
model, demonstrated that postextraction alveolar 
bone changes were asymmetrical, with greater buc- 
cal than lingual bone resorption, resulting in a shift- 
ing of the ridge center toward the lingual/palatal. 
Human and animal studies have shown a variable 
buccal vertical height reduction of up to 2 mm 
(25, 30, 31). Depending upon the corresponding 
lingual/palatal vertical changes, this buccal ridge 
height can result in a negative buccal slope (25, 
30, 31). 

The causes of bone modeling phenomena 
have been speculated upon by Araujo et al. (25), 
who suggested that bone modeling of the extrac- 
tion socket occurs in two overlapping phases. The 
first phase includes the replacement of bundle bone 
by woven bone. The thinner buccal marginal bone 
crest consists exclusively of bundle bone. The lin- 
gual aspect of the crest consists of a combination of 
bundle bone and lamellar bone. Upon extraction, 
the bundle bone is deprived of its blood supply 
from the periodontal ligament (PDL) on the tooth 
side. This bone is quickly resorbed and is not re- 
placed (Figure 10.4). Such a finding may help ex- 
plain the asymmetrical dimensional ridge changes 


(a) 
Lingual Buccal 
Bundle 
bone 
0.2-0.3 mm 4 an 
-2-0.3 mm i) 
(b) 
Bundle 


Pa bone 
resorbed 
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Figure 10.4 A diagrammatic view of the natural bone re- 
modeling following tooth extraction. (a) The bundle bone 
that comprises most of the buccal plate resorbs due to in- 
adequate blood supply. Blood supply is interrupted from the 
PDL and from the periosteum if a buccal flap is elevated. 
The average vertical loss of the buccal plate is 2 mm. The 
lingual plate, by virtue of containing a higher proportion of 
lamellar bone, is subject to less resorption (0.2-0.3 mm). 
(b) The healed ridge presents with more vertical resorp- 
tion on the buccal than on the lingual (palatal) aspect. A 
“negative” slope is observed in the area. 


Table 10.1 Stages of socket healing in humans (33). 


Stage Event Time 

| Clot formation Immediately 
II Granulation tissue formation 4-5 days 

Ill Connective tissue formation 14-16 days 
IV-A Osteoid tissue at socket base 7—10 days 
IV-B Trabeculae fill socket 6 weeks 

V Epithelial coverage 24-35 days 


observed, which are related to the absence of bun- 
dle bone on the buccal aspect of the socket. The 
second phase of healing includes resorption of the 
outer walls of both the buccal and lingual surfaces. 
Inflammation resulting from surgical trauma and 
deprivation of blood supply by the separation of 
the periosteum from underlying bone by flap ele- 
vation may be responsible for these changes (32). 


Internal Healing (Remodeling) 


Bone formation within the socket (i.e., the space 
previously occupied by the root of the tooth) is re- 
ferred to as remodeling. A number of studies have 
examined internal socket healing in animals (25) 
and humans (23, 33-35). Amler (33) described five 
distinct stages of the process: initial clot develop- 
ment, granulation tissue formation, connective tis- 
sue in-growth, osteoid and bone formation, and ep- 
ithelial cover (Table 10.1). Bone restoration is most 
active between 5 and 10 weeks postextraction, and 
is complete by 4 months postextraction (36). 


Rationale for Ridge Preservation 


The modeling and remodeling processes following 
tooth extraction result in a net shrinkage of the 
alveolar ridge. Clinically, it is obvious that the po- 
sition of the soft tissues moves in apical and palatal 
directions. It has been well established that the 
position of the soft tissues is determined by the 
presence and location of the underlying supporting 
bone. Therefore, such bone resorption can have 
significant long-term esthetic consequences (37- 
40). Several authors have suggested that, in order 
to maintain a stable peri-implant mucosal margin 
over time, a 1-4 mm of buccal bone thickness may 
be required (41, 42). Procedures aimed at socket 
preservation are performed in order to conserve 
bone volume and thus maintain the soft tissue po- 
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sition. Ideally, procedures aimed at ridge preserva- 
tion should also assure bone quantity and position 
that make future implant placement possible with- 
out additional augmentation. However, even par- 
tially successful ridge preservation may facilitate 
earlier future implant placement. Ridge preserva- 
tion techniques can significantly reduce postextrac- 
tion dimensional change, lessening the extent of fu- 
ture alveolar bone reconstruction required (Figure 
10.5). This concept is of particular merit if a de- 
layed implant placement protocol (i.e., 4-8 weeks 
postextraction) is selected (36, 43). 


Scientific Data Supporting Alveolar 
Ridge Preservation Following Tooth 
Extraction 


Alveolar bone resorption after tooth extraction and 
the attendant morphologic-dimensional changes 
can make it difficult or impossible to place dental 
implants in an esthetically desirable manner (5- 
8). Consequently, attenuation of these changes via 
bone preservation is a desirable goal. Data from 
clinical trials provide evidence that surgical inter- 
vention after tooth removal can reduce negative 
bone changes when compared to untreated con- 
trols (13-17, 44). 

In two clinical trials, Lekovic et al. (13, 14) 
advanced full thickness flaps for primary closure 
over sockets immediately after tooth extraction. In 
the first study, sockets were covered with nonab- 
sorbable membranes while the second trial em- 
ployed absorbable membranes. No bone grafting 
materials were utilized. The controls were treated 
by flap advancement without membranes. At six 
months postoperatively, horizontal ridge measure- 
ments were 5.57 mm for sockets treated with ex- 
panded polytetrafluorethylene (e-PTFE), and 6.06 
mm for those treated with glycolide and lactide 
polymers. Horizontal measurements of the un- 
treated controls were 2.57 and 2.94 mm, respec- 
tively. This 3.00 and 3.12 mm respective variance 
represents a 34 and 43% reduction in horizontal 
bone loss when compared to the controls. There 
was also 23 and 33% less loss of vertical dimen- 
sion, aS compared to the nonmembrane-treated 
controls. The resulting ridge dimensions found in 
the experimental sites of both studies would often 
be considered adequate for the placement of a 4.0- 
mm-diameter implant. 


/ annuust 


Figure 10.5 (a) An occlusal view of an upper anterior segment. The upper left anterior teeth had been extracted several 
years ago. No ridge preservation procedure was performed. The upper right anterior teeth are to be extracted due to caries. 
(b) A buccal view of the upper anterior segment. (c) The upper right anterior teeth were extracted. A preservation procedure, 
consisting of extraction socket grafting with a xenograft and guided bone regeneration with an absorbable membrane, was 
carried out. A panoramic radiograph was taken nine months after the extraction/preservation procedure. (d) A buccal view 12 
months postextraction of the upper right anterior teeth. Note the more coronal position of the gingival margin in the upper right 
segment as compared to the upper left. (e) An occlusal view 12 months postextraction of the upper right anterior segment. 
The increased buccolingual dimension of the ridge on the right as compared to the left side is evident. (f) A CT scan of the 
upper anterior segment confirms the increased dimensions of the alveolar ridge in the upper right anterior segment (top) as 
compared to the upper left anterior segment (bottom). Ideal implant position is more easily attainable when the dimension of 
the alveolar ridge is preserved through osseous grafting and/or guided tissue regeneration at the time of tooth extraction. (g) 
A clinical view of the upper right anterior segment demonstrates the ideal buccolingual dimension of the preserved alveolar 
ridge. Note the presence of at least 2 mm of bone on the buccal aspect of both implants. 
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Iasella et al. (15) combined a bone allograft 
with a collagen membrane as preservative treat- 
ment for extraction sockets in a nonsubmerged 
approach (no flap advancement). Control sites re- 
ceived neither a bone graft nor a membrane. Flaps 
were sutured back to their original positions. The 
experimental sites showed 1.4 mm or 16% less hor- 
izontal ridge resorption and 2.2 mm more residual 
vertical ridge height than the control sites. This 
study design does not lend itself to direct compari- 
son to the effects of the membrane or bone graft use 
separately, but rather only to comparison with an 
empty socket. However, the treatment result and 
benefits are similar to those of Lekovic et al. (13, 
14), albeit less dramatic, due no doubt in part to 
failure to attain soft tissue primary closure over the 
grafted sites. 

Zubillaga et al. (44) examined the combina- 
tion of a bone allograft and a collagen membrane 
under advanced full thickness flaps. There were no 
controls. After four months, the authors concluded 
that the study protocol did not prevent or preserve 
the original ridge dimension. However, the data 
presented demonstrated that the experimental sites 
had outcomes similar to the experimental sites re- 
ported in previous papers. 

Fiorellini et al. (17) treated extraction sock- 
ets with buccal wall vertical deficiencies of greater 
than or equal to 50% with rhBMP-2 on colla- 
gen sponges. The control sites received collagen 
sponges alone. About 86% of the experimental sites 
were able to receive dental implants with no addi- 
tional grafting procedures. Only 45% of the control 
sites were able to receive dental implants without 
additional grafting procedures. The newly induced 
bone’s density and histology were identical to that 
of native bone. 

Nevins et al. (16) treated immediate extrac- 
tion sockets with a xenograft, and flap advance- 
ment to achieve primary wound closure. The con- 
trol sites received no grafts under the advanced 
flaps. Computerized tomographic scans were uti- 
lized to assess changes in the dimensions of the 
buccal plates. At three months postoperatively 79 % 
of the sockets receiving the xenograft showed less 
than 20% loss of the buccal plate, while 71% of the 
control sockets demonstrated more than 20% loss 
of the buccal plate. At reentry, control sites showed 
more loss of buccal bone height than the exper- 
imental sites, 5.24 mm versus 2.42 mm. About 
71% of the control sites presented with less than 
the minimal (i.e., 6 mm) ridge width required for 
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implant placement, while only 16% of the experi- 
mental sites demonstrated less than 6 mm of ridge 
width. 


Analysis Before Tooth Extraction 


Before tooth removal, the surgeon must anticipate 
the future placement of the dental implant in a 
three-dimensional manner (5-7). Careful pre- and 
intraoperative assessment should be undertaken to 
determine whether an implant will be immediately 
placed (with or without concomitant regenerative 
procedures), or ridge preservation procedures will 
be employed. 

The decision to accept or reject the immediate 
placement of a dental implant into a fresh extrac- 
tion site in the esthetic zone is based on many fac- 
tors. This process is described in detail in Chapter 
11. Martin et al. (45) delineated a number of situa- 
tions which could negatively influence a successful 
treatment outcome. Conversely, contraindications 
for immediate implant placement may serve as in- 
dications for ridge preservation and delayed im- 
plant placement (Table 10.2). 

Prior to tooth removal, and in anticipation of 
future dental implant placement, it is important to 
identify factors that could both positively and nega- 
tively affect treatment outcome. This pretreatment 
evaluation includes factors related to both the pa- 
tient and surgical site (45-48). 


Table 10.2 Indications for ridge preservation may be 
relative contraindications for immediate implant 
placement in the esthetic zone (45). 


Condition/finding 


l Immune compromise 
II Heavy smoker (>10 per day) 
Ill High patient expectation 


IV High lip line 

V Highly scalloped, thin biotype 
VI Triangular crowns 

VII Acute infection 

VII >7 mm to contact point 

IX Restored neighboring teeth 
X 2 or more teeth 

xI Soft tissue defects 

XII Vertical bone deficiency 
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Orthodontic History 


The patient’s orthodontic history should be con- 
sidered. Orthodontic tooth positioning toward the 
buccal can have a profound effect on soft tissue 
thickness, and underlying osseous profiles (49). 
Rapid arch expansion has been found to result in 
a reduction in thickness of the buccal plate, and 
increase the likelihood of bone dehiscences. Garib 
et al. (50), utilizing CT scans, found a 0.6-0.9 mm 
reduction in buccal plate thickness and dehiscences 
of up to 7.0 mm. Consequently, it may be possible 
to “convert” a” thick-flat” into a “thin-scalloped” 
biotype, increasing surgical risk and postoperative 
hard and soft tissue resorption. 


Periodontal Assessment 


A comprehensive periodontal examination of the 
area of concern is requisite. It is important that 
periodontal infections be resolved as much as pos- 
sible prior to surgical therapy. Where a variation 
of 1 or 2 mm in marginal tissue height can mean 
the difference between success and failure, resolu- 
tion of soft-tissue inflammation should be sought 
before the clinician can accurately assess gingival 
contours and project the final treatment outcome. 

Gingival recession is often reflective of an un- 
derlying bony dehiscence and should prepare the 
clinician for the possible need for enhanced re- 
constructive procedures. Significant gingival reces- 
sion might also suggest the need for preparatory 
treatment such as orthodontic extrusion, to effect 
coronal movement of the gingival marginal tissues 
and bone, or soft-tissue enhancement procedures. 
A deep vestibule and an adequate zone of attached 
keratinized tissue facilitate flap advancement and 
tissue management, whereas a shallow vestibule 
and a lack of attached gingiva often require a more 
technically demanding procedure. 

Increased tooth mobility may indicate re- 
duced buccal bone thickness or dehiscences while 
tooth immobility could indicate ankylosis. 


Esthetic Assessment 


An esthetic assessment takes on special signifi- 
cance in the “esthetic zone.” Smile line, gingival 
display, tooth position, and shape should all be 
noted and documented. 


Figure 10.6 An example of a thick-flat periodontium. Note 
the buccolingual thickness of the gingival tissues, and the 
absence of gingival recession. The esthetic aspects of im- 
plant therapy on patients presenting with a thick-flat peri- 
odontium are easier to manage with respect to bone mod- 
eling and remodeling following tooth extraction, as more 
tissue volume (soft and hard) translates into a decreased 
incidence of gingival recession. 


Of particular importance is the periodontal 
biotype (7, 51). Two distinct morphotypes have 
been most often described: thick-flat and thin- 
scalloped. The thick-flat variety (Figure 10.6) is 
characterized by a relatively square crown form, 
long flat contact points, broad zones of attached 
gingiva, short interdental papilla, thick gingival tis- 
sue, and a thick alveolar housing. The thin biotype 
(Figure 10.7) is distinguished by a more triangu- 
lar tooth form, short contact points, shallow zones 
of attached gingiva, long interdental papilla, thin, 
delicate gingival tissue, and thin supporting bone. 
Becker and colleagues, in a human dry skull study, 
described a third periodontal biotype, the “pro- 
nounced scalloped.” They found that the bone scal- 
lop of the pronounced scalloped was almost twice 
that of the flat type (4.1 mm versus 2.1 mm) (52). 

These anatomical variations often allow the 
clinician to predict the behavior of the periodontal 
tissues after tooth removal. The thick-flat morpho- 
type appears to be more resistant to postextraction 
resorption. Alternatively, the thin-scalloped, and 
the pronounced-scalloped varieties are more labile, 
with greater susceptibility to resorptive changes 
(7, 53). Unfortunately, many patients present with 
blended morphotypical characteristics and are diffi- 
cult to classify (51, 53). Consequently, the clinician 
must be prepared to treat every defect as if it were 
the “thin-scalloped” variety (53). 


Figure 10.7 An example of a thin-scalloped periodontium. 
Note the accentuated scalloped form of the gingival line 
and the presence of gingival recession. Cases with a thin- 
scalloped periodontium are more prone to gingival reces- 
sion, particularly when immediate implant delivery is at- 
tempted. Ridge preservation procedures play a crucial role 
in minimizing hard and soft tissue collapse after tooth ex- 
traction. 


Anatomical Assessment 


The anatomy of the surgical site deserves special 
attention. Such an evaluation should include the 
height of the alveolus, the thickness of alveolar 
housing, root placement within the alveolus, and 
trajectory (angle) of the alveolus. 


Alveolar height: Adequate alveolar height must 
be present to allow the placement of a stan- 
dard length implant. The distance between the 
point at which the implant circumference is 
engaged by the extraction socket walls and ei- 
ther the nasal floor or maxillary sinus should 
be sufficient to allow for implant stabilization 
(usually 3-5 mm) in the event that an imme- 
diate implant is considered. If residual bone 
is insufficient, ridge preservation and/or aug- 
mentation may be elected. 

Alveolar thickness: Alveolar thickness both 
overlying and apical to the root should be con- 
sidered. Buccolingual bone dimension can be 
estimated by the use of bone mapping calipers 
and/or a CT scan. The ideal bone dimension 
is at least 7.0 mm in the event that a 4.0 mm 
implant is to placed, allowing for 2.0 mm of 
bone on the buccal and 1.0 mm on the lingual 
aspects of the implant. A deep canine fossa can 
also be indicative of a reduced bone thickness. 
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Root placement within the alveolus: Buccal or 
lingual root placement may indicate reduced 
alveolar thickness. Mesial or distal root place- 
ment may suggest encroachment on the con- 
tiguous root. A prominent root is more likely 
to have thin overlying soft and hard tissues 
than a less prominent root. 

Trajectory of the alveolus relative to angle of 
the root: If the alveolus and the root are at 
sufficiently acute angles to one another, there 
is often an increased risk of perforation of the 
buccal plate during implant placement. This 
situation may indicate the need for buccal 
bone augmentation at the time of tooth re- 
moval, either as a separate procedure or at 
the time of delayed implant placement. 


Surgical Technique 


Once a clinical decision is made that extraction is 
the treatment of choice, that an immediate implant 
is not indicated and that ridge preservation is desir- 
able, the clinician faces several options with respect 
to the execution of the surgical procedure and the 
selection of materials to be utilized in attempting 
to preserve the socket dimensions. The decisions 
to be made include no less than the following: 


The instruments, devices, and techniques 
used to extract the tooth. 

The elevation (or not) of a buccal flap. 

The option of an absorbable or a nonab- 
sorbable barrier for guided bone regeneration. 
The choice of a bone graft or substitute to fill 
the socket space, as opposed to leaving the 
socket space to be occupied by a blood clot 
alone. 

The decision to attempt primary closure of the 
wound by advancing the flap, as opposed to 
employing a nondisplaced flap where soft tis- 
sue healing of the socket orifice occurs by sec- 
ondary intention. 

The concomitant use of a soft tissue graft with 
the hard tissue ridge preservation procedure. 


A decision tree describing the choices facing 
the clinician in cases of tooth extraction and ridge 
preservation is shown in Flow chart 10.1. A de- 
tailed description of the steps involved in execut- 
ing these surgical procedures and their variations 
is given below. 
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TOOTH EXTRACTION 


Tooth removal is a biologically traumatic event, re- 
sulting in the morphologic changes previously de- 
scribed. Reduced-trauma techniques are intended 
to attenuate these changes (46, 47). With decreas- 
ing extraction-associated trauma as a main objec- 
tive of the surgical procedure, the clinician should 
assume that all extractions and ridge preservation 
procedures can be achieved without flap elevation 
until intraoperative findings dictate otherwise. In 
other words, tooth extraction should be conducted 
prior to the elevation of gingival flaps. 

Following local anesthesia, an intrasulcular 
incision is made with a microsurgical scalpel or 
15 c blade in order to detach the junctional epithe- 
lium from the tooth surface and to sever the supra- 
alveolar connective tissue fibers (Figure 10.8). This 
initial incision is made 360° around the tooth to be 
extracted with the tip of the blade making contact 
with the most coronal aspect of the alveolar bone. 

In order to further minimize trauma during 
the extraction, the Periotome~ (46) is the instru- 
ment to be utilized following the scalpel or the 15 
c blade. The use of the Periotome® must precede 
the utilization of the extraction forceps, which is 
the most common method of tooth removal. The 
extraction forceps is used to forcefully expand the 
bony walls of the socket and overcome the resis- 
tance of the PDL fibers by a luxating movement 
of the tooth. This procedure can risk damage to 
the socket walls, resulting in more extensive bone 


Figure 10.8 A number 15 c blade is inserted into the sulcus. 
This is the first step in tooth extraction. The blade should be 
inserted until its tip makes contact with the alveolar bone 
crest. The blade is then moved 360° around the tooth to be 
extracted. 


Figure 10.9 A Periotome” is inserted into the PDL space. 


The Periotome® should be inserted 3-5 mm apical to the 


bone crest level on the mesial, distal and lingual (palatal) 
aspects of the tooth to be extracted. 


destruction and/or a longer treatment course. The 
Periotome~ is intended to facilitate tooth extrac- 
tion with the forceps by minimizing the amount of 
digital pressure that needs to be applied with the 
forceps. The Periotome~ works by severing the fi- 
brous attachment of the PDL fibers between the 
bony socket walls and the root of the tooth. The 
Periotome~ blade is oriented parallel to the long 
axis of the root. By virtue of being thin, it can be in- 
serted into the sulcus and directed toward the PDL 
space at the mesial, distal, and lingual (palatal) 
aspects of tooth (Figure 10.9). Placement of the 
Periotome® into the buccal PDL space should be 
avoided in order to minimize mechanical damage 
to the buccal bony plate. The Periotome® blade 
insertion is achieved either with hand pressure or 
by light tapping with a surgical mallet. Once it is 
successfully inserted, a back and forth movement 
is utilized. The blade should be progressively in- 
serted in an apical direction to a depth of 3-5 mm 
from the coronal bone level. After a 3-5 mm deep 
insertion is completed on one aspect of the tooth, 
the Periotome™ is left in place for about 1 min 
before repeating the process on the opposite side, 
and then on the palatal surface of the tooth. In 
addition to severing the PDL attachment, this tech- 
nique allows for slight expansion of the socket wall 
and enhances tooth displacement. The Periotome® 
insertion in the mesial, distal and lingual (palatal) 
PDL space should be performed in an alternating 
sequential mode (repeated many times on each 


Figure 10.10 A small-tipped elevator is in position to ele- 
vate the tooth to be extracted. Application use of a small- 


tipped elevator is preceded by Periotome® use. 


aspect of the root), with each insertion deeper than 
the previous, until the tooth exhibits increased mo- 
bility and can be easily removed with a forceps. 
Care must be exercised not to bend or twist the 
thin Periotome~ blade to avoid permanent defor- 
mation or breakage of the instrument. 

A small elevator can also be applied for tooth 
extraction. As small elevators are larger than the 
Periotome~ they will allow for a higher degree of 
leverage. The clinician must be careful to avoid 
causing trauma to the surrounding alveolar bone. 
A sharp small-tipped elevator or a number 2 Molt 
curette can be employed in place of the Periotome 
(Figure 10.10). The principles of operating small 
elevators are the same as those of a Periotome~ . 
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The straight shank is placed parallel to the long 
axis of the root and the blade is inserted into the 
PDL space. Digital force is directed apically and the 
blade is twisted, alternating among the mesial, dis- 
tal, and lingual (palatal) surfaces until the tooth is 
mobilized and luxated. As with the Periotome®, 
the blade should never be inserted into the buc- 
cal aspect of the PDL in order to minimize the 
risk of traumatizing the buccal bony plate. The 
Proximator~ is an instrument that combines some 
of the best features of the Periotome~ and the ele- 
vator. It has a relatively thin sharp blade on a stiff 
shank. It is also inserted into the PDL space, can 
be carried further apically than the elevator, and 
allows for more rotating force application than the 
Periotome®. 

Extended beak forceps may also be employed 
for tooth extraction. They allow for deep apical 
placement of the active end and a strong frictional 
grip to maximize leverage (Figure 10.11). The PDL 
that surrounds the root is narrow (approximately 
0.2 mm in width) (54) and is easily ruptured. The 
forceps are rotated clockwise and counterclockwise 
mesially and distally in an alternating fashion until 
resistance is met, and then held for approximately 
10-15 s. With a single-rooted tooth, no more than 
a few rotation motions are usually required be- 
fore luxation of the tooth is achieved. Buccolingual 
movement is to be avoided to reduce the likelihood 
of damage to the thinner buccal plate. It is impor- 
tant to remember that the utilization of any forceps, 
including the ones with extended beaks, should be 
preceded by the use the Periotome® and/or small 


Figure 10.11 (a) Extended beak forceps are in place. Rotational movement, clockwise and counterclockwise, is employed. 
Buccolingual movement should be avoided, as it can cause fracture of the buccal bony plate. (b) A detailed view of the 
extended apical reach of the extended beak forceps. 


282 Alveolar Bone Preservation 


elevators, so as to greatly reduce the force required 
for tooth removal, and minimize the possibility of 
fracturing the extraction socket walls. 

The vertical extraction device has recently 
been introduced as an alternative device to min- 
imize trauma during tooth extraction. The vertical 
extraction device takes advantage of the conical 
root shape. The crown is excised from the root and 
the threaded mechanical traction device is placed 
into the root canal space (Figure 10.12). Using the 
contiguous teeth for leverage, the root is pulled 
in a coronal direction, which results in its rapid 
withdrawal from the intact socket. This rapid ex- 
trusional delivery is particularly useful with teeth 
demonstrating severe coronal destruction, as it 
avoids both flap reflection and the use of more 
traumatic elevators and forceps. 

Roots can also be separated from the alveo- 
lus by piezo ultrasonic surgical instruments (55). 
Specifically designed to cut hard tissue only, the 


piezo surgical tip is placed into the PDL space and 
the tooth is separated from the alveolus at the ex- 
pense of the root. When utilizing the piezo ultra- 
sonic device, the clinician must exercise care to 
keep the active end of the insert against the root 
surface. If the active end of the insert is applied 
against bone, iatrogenic bone destruction may oc- 
cur, which constitutes an undesirable effect of the 
surgical procedure. 


SOCKET DEBRIDEMENT 


Once the root of the tooth has been removed, a 
careful inspection of the socket area for the pres- 
ence of granulation tissue should be conducted. If 
granulation tissue remains in the socket area, it can 
serve as a source of cells for the regrowth of soft 
tissue in the extraction area. The regrowth of soft 
tissue in the early phases of healing may inhibit 


Figure 10.12 A vertical extraction device. (a) Following coronectomy, the active end of the vertical extraction device is 
inserted into the root canal space of the tooth to be extracted. (b) Extraction force leverage is obtained from the adjacent 
teeth. (c) A view of the extracted root attached to the active end of the vertical extraction device. 


the formation of hard, mineralized tissue in the 
socket and compromise future implant placement 
(56). Moreover, as granulation tissue is usually in 
close anatomical proximity with the source of in- 
fection on the root surface, the presence of residual 
granulation tissue can serve as a bacterial reservoir 
and contaminate the graft and/or mechanical bar- 
rier used to treat the socket, which in turn can 
result in the infection of those devices (57). 

Removal of granulation tissue from the socket 
area is usually achieved with the progressive use 
of hand curettes from larger to smaller sizes. Ultra- 
sonic units such as the magnetostrictive or piezo- 
electric devices can be used to curette the socket, 
so that small tags of granulation tissue are loos- 
ened from bone and can be removed by curettes. 
The end point for socket debridement includes the 
exposure and visualization of all bony walls of the 
socket being treated. In the event that the socket 
walls are highly cortical and therefore nonbleeding, 
small round burrs or narrow drills can be used to 
open vascular channels and improve blood supply 
to the surgical site (58). 


ELEVATION OF BUCCAL AND 
LINGUAL FLAPS 


Once the socket has been curetted and its remain- 
ing bony walls inspected, it is important to deter- 
mine the extent to which the buccal bony wall is 
present. If the vertical loss of the buccal wall is min- 
imal, elevation of a buccal flap should be avoided 
(Figure 10.13) (53, 59). The buccal bony plate is 
usually thin, mostly cortical in nature, it receives 
blood supply from the PDL on its inner aspect and 
from the periosteum on its outer surface. Given 
that the root has been extracted, the blood supply 
from the PDL is no longer present. If a buccal flap 
is elevated, the periosteal blood supply is also dis- 
continued, further enhancing the resorption of the 
buccal cortical plate. As explained below, in clinical 
situations where the a buccal flap is not elevated, a 
membrane can be adapted against the internal as- 
pect of the socket buccal wall so as to prevent the 
migration of cells of the gingival epithelium and 
connective tissue into the socket area. 

In situations where more than 5 mm of the 
vertical dimension of the buccal plate is missing, 
elevation of a buccal flap is necessary to allow for 
placement of a barrier membrane (Figure 10.14). 
The elevation of a buccal flap also allows for defini- 
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Figure 10.13 A view of a socket in which the elevation of 
a buccal flap is not indicated. Minimal destruction of the 
extraction socket walls has occurred. 


tive degranulation of the socket on its buccal as- 
pect, a step that might be difficult in deeper areas 
of the socket with the buccal soft tissues in place. 
The design of the buccal flap includes slightly di- 
vergent vertical incisions initiated on the proximal 
line angles of the teeth adjacent to the socket. 
The vertical incisions should be extended apical 
to the mucogingival junction. Horizontal incisions 
are made at the crest of each papilla, and a full 
thickness flap is carried out to expose the perime- 
ter of the buccal bony dehiscence. Once the extent 
of the buccal bony margin is fully identified, a pe- 
riosteal releasing incision at the base of the flap 
can be performed. These surgical maneuvers are 
performed to preserve blood supply to the flap and 
to facilitate flap advancement, which is critical to 
attainment of primary wound closure. 

The need to elevate lingual (palatal) flaps fol- 
lows the same clinical judgment criteria. However, 
such a need is less frequent than that for buccal 
flaps, because the lingual (palatal) bony plate is 
often thicker and tends to be absorbed to a lesser 
extent in the course of pathologic processes. Ele- 
vation of the lingual (palatal) flap is performed for 
adaptation, immobilization of membranes used for 
guided bone regeneration. 

The elevation of a buccal flap is also necessary 
in cases where a combination of extraction socket 
preservation and ridge augmentation are required 
to enable the placement of dental implants. This 
combined therapeutic modality is the treatment of 
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choice in two situations: cases where a severe buc- 
colingual concavity is present on the buccal aspect 
of the apical area of the extraction socket (preserva- 
tion and augmentation of the same site need to be 
performed), and cases where ridge augmentation is 
necessary in sites that were previously edentulous 
and are adjacent to teeth which need to be ex- 
tracted and socket preservation is to be performed. 

There are situations in which preservation of 
the original extraction socket dimensions, even if 
fully accomplished, is not sufficient to enable the 
placement of a dental implant. This challenge is 
often observed in patients who present with a thin 
biotype, where the natural teeth are located in an 
accentuated buccal position in relation to the alve- 
olar housing (60). Naturally occurring bone dehis- 
cences and fenestrations are often observed on the 
buccal aspects of such teeth. Accentuated buccol- 
ingual concavities may be present on the apical 
areas of the alveolar bone of these teeth. When im- 
plant fixtures are utilized to replace anterior teeth, 
particularly in the upper arch, they often need to 
be placed in a more upright position than those of 
natural teeth. The palatal placement of the implant 
head in these particular cases can result in the api- 
cal portion of the fixture being more buccal than 
the root of the natural tooth that previously occu- 
pied the space. Therefore, a significant area of the 
implant fixture may be out of the alveolar bone. 
In such cases, the extraction socket needs to be 
preserved, and the bone volume augmented in the 
buccal direction (Figure 10.15) (6). 

Augmentation of the edentulous ridge in the 
buccal direction may be the treatment goal for a 
previously edentulated area adjacent to a tooth or 
teeth that need to be extracted, where the treatment 
objective for the extraction socket(s) is preserva- 
tion of its dimensions (56). These clinical situations 
also require the elevation of a buccal flap, followed 
by the placement of a titanium-reinforced nonab- 
sorbable membrane. Preservation of the extraction 
socket dimensions is carried out as previously de- 
scribed. 


MEMBRANE APPLICATION FOR 
GUIDED BONE REGENERATION 


Any extraction socket in the esthetic zone for which 
preservation of its dimensions is desirable should 
be treated with a physical barrier (e.g., membrane) 
for guided bone regeneration. The clinically supe- 
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rior outcomes of treating a socket with a mem- 
brane as opposed to not utilizing a barrier have 
been clearly demonstrated (13, 14). The steps in- 
volved in the application of membranes for guided 
bone regeneration over extraction sockets are de- 
picted in Figure 10.16. 

The first decision the clinician needs to make 
is related to selecting a titanium-reinforced nonab- 
sorbable or an absorbable membrane (56). Mem- 
branes do not tolerate exposure to the oral cavity 
well during healing, which dictates the need for 
a tension-free, primary closure of the wound. The 
main advantage of nonabsorbable membranes is 
that they are not subject to a variable rate of ab- 
sorption as compared to absorbable membranes. 
Nonabsorbable membranes manufactured with a 
titanium-reinforcing frame allow for a more effec- 
tive maintenance of space and a more precise con- 
trol of the shape of the alveolar ridge to be devel- 
oped during healing (Figure 10.17). 

In cases when a buccal flap is elevated, the 
membrane is adapted over the external aspect of 
the buccal bony wall and tacked under the lingual 
(palatal) tissue, again covering the occlusal aspect 
of the socket (Figure 10.14). 


SOCKET FILL 


When a buccal flap is elevated, if sufficient bony 
walls remain around the socket space so that a 
blood clot can be stabilized and a membrane for 
guided bone regeneration immobilized without col- 
lapsing into the socket space, fill of the extraction 
socket is optional. Nonabsorbable membranes, par- 
ticularly the ones manufactured with titanium rein- 
forcement, lend themselves to providing the socket 
with such a “tent” effect in the absence of a bone 
graft or substitute. From the wound-healing stand- 
point, it makes sense to expect faster bone forma- 
tion in the absence of a bone graft or substitute 
material, as the latter needs to be absorbed in the 
course of healing prior to the formation of new 
bone. In sockets in which the destruction of the 
bony walls is more severe, particularly the buccal 
wall, socket fill is necessary if a blood clot can- 
not be stabilized or if a membrane does not have 
enough rigidity and support to stand on its own, 
and it tends to collapse into the socket space. When 
utilizing an absorbable membrane for guided bone 
regeneration, there is a need for physical support 
from a bone graft or substitute because absorbable 
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Figure 10.17 Management of temporary restorations following a ridge preservation procedure: Direct pressure over the 
treated area should be avoided by relieving the most apical aspect of the pontic. (a) A view of a removable temporary 
restoration. (b) A view of a fixed temporary restoration. (c) Once healing of the soft tissues is complete and all surgical 
edema has subsided, relining of the pontics is carried out to enhance esthetics of the temporary restoration. Excessive 
pressure over the surgically treated area should be avoided at all times. 


membranes tend to be soft and flexible and are 
inclined to collapse into the socket space (56). 
When selecting a bone graft or substitute to 
fill an extraction socket, autogenous bone has long 
been considered the “gold standard,” as it is both 
osteoinductive and osteoconductive. However, as 
the amount of bone needed to fill extraction sockets 
is usually relatively large, harvesting the adequate 
amount of bone requires a second surgical site, 
adding time, trauma, and morbidity to treatment. 
While there is some evidence suggesting that the 
use of autogenous bone as treatment for extractions 
sockets results in greater bone formation than other 
types of bone grafts or substitutes (61), the clinical 
superiority of autogenous bone for this purpose has 
not been demonstrated through large clinical trials. 


Several bone grafts and bone substitutes other 
than autogenous bone have been studied as fillers 
for extraction sockets. There are reports showing 
effective socket preservation with allografts (i.e., 
calcified and decalcified freeze-dried bone) (62- 
64), xenografts (i.e., bovine porous bone mineral) 
(65), and synthetic materials (i.e., bioactive glass) 
(66). These materials are primarily osteoconduc- 
tive in nature, work as space maintainers in the 
socket space, and afford a scaffold for osteogene- 
sis. There are no direct comparative studies in the 
literature identifying a superior material among the 
available alternatives. 

When selecting a bone graft or substitute, the 
speed by which the material is absorbed during 
the healing process may be relevant, as its slow 


turnover may limit the amount of natural bone be- 
ing formed. Despite the fact that the rate of graft ab- 
sorption appears to be relevant in the formation of 
new bone and have an effect on the outcome of im- 
plant therapy, no studies have been conclusive in 
determining the ideal rate of absorption for a bone 
graft or substitute. Theoretically, the ideal material 
should last long enough to prevent collapsing of 
the extraction socket walls early in the course of 
healing, but should be absorbed as soon as enough 
natural healing has occurred so that newly formed 
mineralized tissue can support the original bony 
walls. 

When utilizing any bone graft or substitute, 
the clinician should avoid dense packing of the ma- 
terial. Such a practice can decrease the space for os- 
teoprogenitor cells to migrate into the socket area 
and increase the time involved in graft turnover 
and new bone formation. Graft packing should be 
performed loosely (Figures 10.15-10.17). Overfill- 
ing of the socket should be avoided, as adaptation 
of the membrane can be difficult and primary soft 
tissue closure of the defect prevented. Recently, 
bone grafts mixed with a collagen matrix have 
become commercially available. This modality of 
graft preparation can be useful in avoiding over 
condensation and ensuring the existence of spaces 
that allow for angiogenesis and osteogenesis. 

Recently, bioactive molecules such as re- 
combinant human bone morphogenetic protein 2 
(rhBMP-2) have been proposed as osteoinductive 
agents for extraction sockets (17). rhBMP-2 has 
been shown to be effective when used in the ab- 
sence of guided bone regeneration in preserving 
the dimensions of extraction sockets where pri- 
mary closure of the wound was achieved by flap 
advancement. More research is necessary to as- 
sess how effective bioactive molecules are in pre- 
serving the dimensions of extraction sockets when 
used in combination with guided bone regenera- 
tion, and in comparison with other modalities of 
therapy. 


SUTURING OF THE SURGICAL WOUND 


In cases where no buccal flap has been elevated, a 
free gingival graft has been suggested to cover the 
membrane as it may work as a biological dressing 
for the wound (67). However, the free gingival graft 
may or may not survive. 
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Primary closure of the wound in a tension- 
free mode is mandatory. In order to achieve such 
a passive closure, the vertical incisions need to be 
carried well beyond the mucogingival junction and 
the periosteum released in the apical area of the 
surgical wound (Figures 10.14 and 10.17). Addi- 
tional flap release can be achieved by making cut- 
back incisions into the buccal mucosa or by making 
horizontal incisions in directions opposite to that of 
the flap at the most apical ends of the vertical inci- 
sions (68). 

A connective tissue graft can be placed be- 
tween nonabsorbable or absorbable membranes 
and the advanced flap (Figure 10.16) (69). The con- 
nective tissue graft may work a second biological 
barrier in cases where wound dehiscences occur 
early in the course of healing, allowing more time 
for soft tissue formation to occur without exposure 
of the membrane to the oral cavity. The graft also 
provides increased soft tissue volume. 

Once the buccal flap has been mobilized, the 
coronal aspect of the wound is sutured first. In- 
terrupted or mattress sutures may be placed with 
a less reactive nonabsorbable material (i.e., ex- 
panded polytetrafluoroethylene or polypropylene). 
Mattress sutures are preferred by virtue of everting 
the edges of the wound. The vertical incisions are 
sutured last with U-shaped interrupted sutures. 


ADJUSTMENT OF TEMPORARY 
RESTORATIONS AND POSTOPERATIVE 
CARE 


Any mechanical pressure exerted by temporary 
restorations must be avoided as it can compro- 
mise healing. Bonded restorations are preferable. If 
properly adjusted, they will not come into contact 
with the wound during mastication. If a remov- 
able partial denture is the temporary restoration 
of choice, relief must be provided in the edentu- 
lous area so that the pontic does not make contact 
with the surgical area when the patient is at rest, 
or during mastication. It is often helpful to provide 
“stops” such as occlusal rests on the prosthesis to 
prevent impingement upon the surgical site. 
Bacterial contamination of the wound in the 
early phase of healing must be avoided, as it may 
negatively affect the outcome of therapy (14). In 
order to avoid such contamination, patients should 
be placed on systemic antibiotics (amoxicillin 
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500 mg tid or clindamycin 300 mg qid) and 0.12% 
chlorhexidine rinses (15 milliliter of the solution 
for 30 s bid) until the wound is completely covered 
with soft tissue. 

Sutures are removed 7-14 days after surgery. 


HEALING TIME 


There are no well-established protocols for the time 
that should elapse between an extraction socket 
preservation procedure and placement of a den- 
tal implant. Factors that should be considered by 
the clinician include the overall size of the ex- 
traction socket, the extent to which the buccal 
bone was lost, the relative percentage of the im- 
plant area that will be in contact with native (pre- 
existing) bone, if a bone graft or substitute was 
utilized in the preservation procedure, the type of 
bone graft or substitute employed and its expected 
turnover, and the general health and age of the 
patient. 

In the absence of hard tissue grafting, extrac- 
tion socket preservation with guided bone regen- 
eration showed that bone-like tissue was present 
six months after surgery (13, 14). These findings 
were consistent with both nonabsorbable and ab- 
sorbable membranes that remained submerged in 
the course of healing. In the presence of a bone 
graft or substitute, new bone formation tends to 
occur more slowly, as absorption of the graft mate- 
rial requires extra time (63-65). Histological stud- 
ies have shown that graft particles remain in the 
treated area 6-12 months after the extraction socket 
preservation procedure was performed, regardless 
of the material used. The question as to what role 
nonviable graft material plays in the integration 
and long-term success of dental implants remains 
unanswered. The percentage of viable bone that 
needs to be in contact with the dental implant 
for sustained osseointegration, also remains unan- 
swered. Using clinical common sense and looking 
at wound healing from the bone turnover stand- 
point, with a material that has a low substitution 
rate, “one cannot wait too long” for the extrac- 
tion socket preservation procedure to heal. How- 
ever, practicality plays a role in patient care. It ap- 
pears reasonable to wait between 9 and 12 months 
after an extraction socket preservation procedure 
is performed and placement of a dental implant. 
It should be emphasized, that this suggestion is 
based upon clinical observations and experience 


rather than on research data. Osteoinductive ma- 
terials have the potential to shorten the healing 
period. 

It has been shown that remodeling of the buc- 
cal bone often occurs following placement of an 
implant fixture (70). The buccal bone over the im- 
plant fixture, when thin at the time of placement, 
may be subject to absorption during initial healing 
or following its loading with the resultant loss of 
vertical height. Such bone absorption may result in 
the gingival tissue being in direct contact with the 
buccal aspect of the implant fixture. Such a situa- 
tion may not be stable, and might result in pock- 
eting or soft tissue recession. In order to avoid the 
risk associated with these clinical situations, it has 
been suggested that the buccal bone should be at 
least 2 mm thick (buccolingual direction) immedi- 
ately following implant placement (40). While this 
dimension is of primary importance on the most 
coronal aspect of the implant fixture, it can also be 
of clinical relevance in the mid or apical aspects 
of the implant because bony fenestrations may de- 
velop. If buccal bone is less than 2 mm in thickness, 
the area should be secondarily augmented with a 
bone graft combined with guided bone regenera- 
tion. If secondary augmentation is necessary, the 
implant fixture should be submerged for healing. 
Implant exposure will need to be conducted in the 
future. 


Conclusions 


Existing data demonstrate conclusively that bone 
resorption is a predictable consequence of tooth 
loss. Proper three-dimensional implant placement, 
implant retention, and the stability of peri-implant 
tissues are to a great degree reliant on the quan- 
tity and position of buccolingual and apico-coronal 
surrounding bone. Therefore, preservation proce- 
dures aiming at minimizing bone resorption fol- 
lowing tooth extraction are valuable in enhancing 
the esthetic outcomes of implants placed in the 
upper anterior segment. Grafting of the extraction 
socket with a slowly resorbing material sheltered 
by a barrier membrane is an effective method of re- 
ducing the extent of postextraction bone loss. Bone 
preservation techniques following tooth extraction 
are routinely recommended in cases where imme- 
diate implant placement is contraindicated, in the 
esthetic zone. 
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Hopeless anterior tooth to be replaced via dental implant 


Oe 


Immediate implant contraindicated Immediate implant indicated 


Ridge preservation indicated Implant placement 


Tooth extraction 


~ 


Socket degranulation 


Vertical loss ofbuccal plate > 5 mm Vertical loss of buccal plate is < 5 mm 
Buccal flap evaluation Rotated pedicle flap only 
Socket degranulation Absorbable membrane adapted in the socket 
Nonabsorbable membrane Socket fill with a bone graft or substitute 


Primary closure attained 


Membrane can maintain socket space on its own Membrane cannot maintain socket space on its own; 
| | titanium reinforced membrane used 
Membrane secured (tack, screw, suture) Socket fill with a bone graft or substitute 
Optional: connective tissue sutured over Membrane secured (tack, screw, suture) 
membrane 


Optional: connective tissue 
sutured over membrane 


Flap advanced and sutured for primary closure 


Flow chart 10.1 Decision tree summarizing the clinical choices associated with tooth extraction and ridge preservation 
procedures. 
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The continued evolution of implant surface tech- 
nology and restorative options have made implant 
therapy the treatment modality of choice in many, 
if not most, clinical situations. It is therefore only 
natural that the role of immediate implant therapy 
continues to expand. Proponents of immediate im- 
plant therapy advocate its use at the time of tooth 
removal, or in a partially or fully edentulous arch, 
to meet a variety of clinical challenges (1-10). 

The goal of this chapter is to discuss the clini- 
cal realities of single tooth immediate implant ther- 
apy, and how best to utilize such treatment in daily 
practice. 


Definitions 


When discussing immediate implant therapy, it 
is important to differentiate between immediate 
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placement at the time of tooth removal, immediate 
temporization of implants (in either fresh extrac- 
tion sockets or previously edentulous areas without 
functional occlusion), and immediate functional 
loading of implants placed in fresh extraction sock- 
ets or previously edentulous areas. Each of these 
scenarios presents with its own unique challenges 
and demands for maximization of functional and 
esthetic outcomes of treatment. 


Patient Examination and Workup 


Prior to the initiation of immediate implant ther- 
apy, it is imperative that appropriate examination, 
diagnosis, and case workup be performed. 

As previously discussed, a patient who 
presents with a fractured maxillary incisor (and 
an otherwise intact dentition with no periodon- 
tal or occlusal concerns), may require nothing 
more than a clinical and radiographic examina- 
tion prior to the initiation of immediate implant 
therapy. However, patients demonstrating a greater 
degree of dental pathology, whether it is carious, 
periodontal, endodontic, orthodontic, or occlusal 
in nature, must undergo a thorough examination 
and assessment, including facebow-mounted mod- 
els. The periodontist and restorative dentist are 
able to examine these models and, in conjunc- 
tion with information gained from their clinical ex- 
aminations, formulate a comprehensive, treatment 
outcome. 

For the purpose of our discussion regarding 
immediate implant therapy in single tooth sites, 
the assumption is made that the aforementioned 
examination has been carried out and that all other 
dental problems have been appropriately managed 
for the patient in question. 
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Site-Specific Examination and 
Treatment Planning 


Soft tissue examination should include assessment 
of soft tissue health to ensure that active gingival 
inflammation is not present, as well as evaluation 
of soft tissue thickness and the dimensions of avail- 
able attached keratinized tissue. These factors are 
important in assessing the expected stability of the 
soft tissues following implant placement, tempo- 
rization, and final restoration. Hard tissue exam- 
ination must include an assessment of both the 
quality and quantity of available bone for implant 
placement. In instances of immediate implant in- 
sertion, the amount of bone available apical to the 
extraction socket for implant stabilization is not as 
crucial as the extent of alveolar bone which will 
be engaged by the implant after its placement, in- 
cluding the lateral walls of the extraction socket at 
its most apical extent where the diameter of the 
implant will exceed that of the extracted tooth. 

At least as important as the above outlined 
assessment criterion is the patient’s biotype. Tis- 
sue biotype defines the envelope of postoperative 
response. A patient with a blockier, less-scalloped 
biotype demonstrates thicker hard and soft tissues 
macroscopically than its thinner, highly scalloped 
counterpart (Figures 11.1 and 11.2). The histologic 
makeup of the soft tissues in a patient with a block- 
ier, less-scalloped biotype demonstrates a larger 
percentage of dense gingival connective tissue, and 
a lesser percentage of epithelium and rete pegs (Fig- 
ure 11.3), than a patient with a more highly scal- 
loped biotype. 
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Figure 11.1 A patient presents with a hopeless progno- 
sis for the fractured tooth number 8 and fairly thick, gently 
scalloped soft tissues. 


Figure 11.2 A patient presents with a hopeless prognosis 
for tooth number 8. Note the thinner, more highly scalloped 
tissues than those of the patient in Figure 11.1. These tis- 
sues are much more labile following surgical insult. 
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Figure 11.3 An example of thin delicate, hard and soft tis- 
sues on the buccal aspect of a prominent tooth. The tooth is 
to the left. The buccal alveolar bone septum is thin and can- 
not be expected to be maintained following tooth removal. 
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The alveolar bone in patients with a blockier, 
less-scalloped biotype demonstrates both a greater 
thickness and a larger percentage of marrow than 
its thinner, highly scalloped counterpart, which 
presents with thinner, more delicate bone and a 
lesser marrow component. 

As a result of the differences in histologic 
characteristics between the two biotypes, the post- 
operative response of the blockier, less-scalloped 
biotype is characterized by greater hard and soft 
tissue stability and less resorption than its labile, 
more highly scalloped counterpart. Such consid- 
erations are important when contemplating tooth 
extraction and immediate implant insertion in the 
esthetic zone. 


Extraction Technique 


All single-rooted teeth should be extracted with- 
out reflecting a mucoperiosteal flap. This goal is 
attainable utilizing piezosurgery and appropriate 
periotomes, or a bone-extraction system which uti- 
lizes a posttapped into a fractured root, impression 
taking, and removal of the root through extrusion 
of the post with a torque system. 


Assessing the Extraction Socket 


Once the tooth has been removed, a 15 blade is uti- 
lized to achieve sharp dissection to the bone crest, 
removing approximately 1 mm of the internal lining 
of the soft tissue circumferentially. A molt curette is 
employed along the full extent of the internal aspect 
of the extraction socket, allowing removal of all 
residual soft tissues as one entity. This enucleation 
technique avoids development of soft tissue tags 
which may be difficult to completely remove. The 
integrity of the extraction socket is examined in- 
ternally utilizing the small end of the molt curette. 
The extent and pattern of bone destruction which 
has occurred as a result of any periapical or peri- 
odontal inflammatory lesions which were present 
is determined. 


The Question of Infection 


The presence or absence of periapical or periodon- 
tal infection at the time of tooth removal does not 
preclude immediate implant placement. The clin- 
ician must instead consider the extent and sever- 
ity of the infection. If the periodontal or periapical 


infection which was present has undermined the 
bone necessary to attain ideal implant positioning, 
the tooth is removed and appropriate regenerative 
therapy is performed. An implant is then placed in 
a second stage procedure. 

If the infection which is present has under- 
mined bone crucial to the maximization of es- 
thetic treatment outcomes, or should the soft tis- 
sues which are present be unstable due to a fistula, 
the tooth is once again removed and appropriate 
regenerative therapy is performed without imme- 
diate implant placement. 

In each instance, passive soft tissue primary 
closure is attained, utilizing previously described 
techniques. 

The presence or absence of periapical or pe- 
riodontal infection is never a contraindication to 
regenerative therapy at the time of tooth removal 
following appropriate debridement. Failure to per- 
form the necessary regenerative therapy will re- 
sult in significant resorption and hard and soft tis- 
sue changes, esthetic compromise, and the need 
for additional surgical interventions. The literature 
has conclusively demonstrated that guided bone 
regeneration (GBR) therapy may be successfully 
performed in the presence of periodontal and/or 
periapical infection. 

The techniques and materials utilized to ef- 
fect appropriate regenerative therapy in the esthetic 
zone are wholly dependent upon the residual ex- 
traction socket morphology. The goal of such re- 
generation is not merely to attain adequate bone for 
implant placement. Rather, complete regeneration 
of prepathologic bone morphology must be seen 
as the only acceptable treatment outcome. In order 
to predictably attain this goal, the clinician must 
understand the indications, contraindications, and 
limitations of various regenerative approaches. 


Selecting the Appropriate 
Treatment Approach 


If the buccal alveolar wall of the extraction socket 
is intact, and the extraction socket as a whole rep- 
resents a space-maintaining defect (i.e., the mor- 
phologies of the extraction socket walls are such 
that they can support a membrane without col- 
lapse), therapy proceeds as follows: 

A full thickness palatal flap is reflected which 
extends one tooth mesial and distal to the tooth to 
be extracted, and is palatal to the papillae. Releas- 
ing incisions are placed on the mesial and distal 
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aspects of the palatal flap. A full thickness buccal 
flap is reflected approximately 2-3 mm past the 
buccal crest of the ridge without compromising the 
interproximal papillae, utilizing the small end of a 
molt curette. A resorbable membrane is shaped and 
placed over the extraction socket, and tucked be- 
neath the small area of buccal flap reflection. The 
membrane extends beyond the extraction socket 
approximately 4 mm on its palatal aspect. The 
membrane is secured with palatal fixation tacks. A 
rotated palatal pedicle flap is now reflected, as de- 
scribed in previous publications (11-13). The area 
is sutured with two plain gut resorbable sutures, 
palatally. The advantage to this approach is that 
there has been no disruption of the interproximal 
papillae, or of the position of the marginal buccal 
soft tissue, while still attaining passive soft tissue 
primary closure. Maintenance of passive primary 
closure is crucial to maximization of regenerative 
outcomes, and assurance of an adequate soft tissue 
cover of the regenerated bone to provide appropri- 
ate esthetics in the final treatment outcome. While 
some authors advocate taking a tissue graft from 
the distal wedge area or the palate, and placing it 
over the extraction socket so as to avoid flap reflec- 
tion, the lack of nutrition to this small gingival graft 
often results in sloughing of part if not all of the 
graft, and an unpredictable final soft tissue contour. 

Placement of bone grafting materials without 
ensuring soft tissue coverage is ill advised. The ex- 
tent of bone regeneration will be compromised, as 
the healing soft tissues impregnate the crestal 2-3 
mm of the bone graft material. A membrane may 
not be utilized to prevent this problem, as its ex- 
posure will result in soft tissue complications and 
a less than ideal final soft tissue result. 

If the buccal alveolar bone of the extraction 
socket is intact, but the extraction socket defect 
is not a space-maintaining defect due to extensive 
loss of the palatal and/or interproximal bone, ther- 
apy proceeds as follows: 

Following flap reflection as previously de- 
scribed and placement of graft material, a titanium- 
reinforced membrane is trimmed and placed in a 
manner similar to that of the aforementioned re- 
sorbable membrane. It is crucial to use a titanium 
membrane in such a situation to ensure the regen- 
eration of prepathologic alveolar ridge morphol- 
ogy. As discussed in Chapter 2, regardless of the 
consistency of the graft materials placed beneath 
the membrane, if the membrane is not titanium- 
reinforced and the defect is a nonspace maintain- 
ing, some membrane collapse will occur, compro- 


mising the final hard tissue regenerative result. The 
membrane is secured with palatal fixation tacks. 

If the buccal alveolar wall of the extraction 
socket is compromised by small fenestration defect, 
therapy proceeds as follows: 

The small end of a molt curette is placed 
through the fenestration from the internal aspect 
of the extraction socket, and utilized to reflect the 
periosteum and other soft tissues away from both 
the fenestration and the alveolar bone around the 
circumference of the fenestration for a distance 
of 2 mm. Regenerative therapy proceeds in one 
of the manners outlined above, depending upon 
the morphology of the extraction socket as a 
whole (i.e., space maintaining versus nonspace 
maintaining) (13). 

If a dehiscence defect is present on the buccal 
wall of the extraction socket, therapy proceeds as 
follows: 

A palatal flap is reflected as previously de- 
scribed. A buccal flap is reflected which employs 
mesial and distal releasing incisions, placed in such 
a way as to preserve the interproximal papillae. 
The buccal flap releasing incision designs, includ- 
ing horizontal incisions at their most apical ex- 
tents, has been described in Chapter 2. A titanium- 
reinforced membrane is shaped and placed so as 
to cover both the dehiscence defect and the extrac- 
tion socket. Two titanium fixation tacks are placed 
at the mesiobuccal and distobuccal aspects of the 
buccal apical border of the membrane to prevent 
membrane movement. A rotated palatal pedicle 
flap is utilized as previously described. The mu- 
coperiosteal flaps are sutured with two to three 
interrupted plain gut sutures over the extraction 
socket, engaging the buccal and palatal flaps, and 
two to three interrupted plain gut sutures on each 
buccal releasing incision. The palatal releasing in- 
cisions are not sutured. 


Implant Placement at the Time of 
Tooth Removal in the Esthetic Zone 


Unless adequate bone is present apically and lat- 
erally to ensure primary stability of the implant, 
the implant must be angled in such a manner as 
to engage the palatal wall of the extraction socket 
and still exit the soft tissues within the desired 
restorative zone. Either approach, when performed 
appropriately, will result in an implant which is 
easily restored in an ideal manner, to help maxi- 
mize esthetic treatment outcomes. 
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When the osteotomy is carried out toward the 
palatal wall to ensure appropriate implant stability 
and positioning, the osteotomy may result in the 
formation of a “buccal wall” independent of the 
actual buccal alveolar ridge at the most apical ex- 
tent of the osteotomy. 

The osteotomy is prepared utilizing as slow 
a speed as possible. The advantages to such an 
approach are: 


e Less heat is generated during the preparation 
of the osteotomy, resulting in less trauma to 
the alveolar bone. 

Preparation of the osteotomy is more precise 
than when a higher speed is utilized, resulting 
in improved bone to implant contact. 
Utilization of a slower drill speed enhances 
the accumulation of autogenous bone in the 
“srooves” of the bur. This autogenous bone 
is immediately collected and placed in sterile 
saline. Such a collection approach is superior 
to the utilization of a bone trap, as it lessens 
the chances of collecting saliva, bacterial prod- 
ucts, and other contaminants. 


Implant selection is governed by the desired im- 
plant morphology, length, and width. A tapered 
implant morphology is chosen so as to attain a 
“wedging action” of the implant in the prepared 
extraction socket/osteotomy. The length of the im- 
plant is dependent upon a number of factors which 
have been previously enumerated. 

The diameter of the chosen implant is not 
related to the width of the extraction socket fol- 
lowing tooth removal. Rather, the diameter of the 
implant selected is related to the mesiodistal thick- 
ness of the interproximal alveolar septum, and the 
required mesiodistal width of the alveolar inter- 
proximal septum of bone which is needed around 
the implant following bone regeneration, osseoin- 
tegration, and soft tissue healing. 

If the implant is to abut a natural tooth, then 
a minimum of 2 mm of mesiodistal thickness of 
interproximal alveolar septum is required. Should 
the implant abut another implant, a minimum of 3 
mm of mesiodistal width of the alveolar interprox- 
imal septum is necessary. At least 1.5-2.0 mm of 
alveolar bone thickness should be present buccally. 

The precise course of therapy following im- 
plant placement is dependent upon a combination 
of patient biotype and defect morphology. When a 
patient presents with a blocky, less-scalloped bio- 


type, and the alveolar buccal ridge is intact, two 
possibilities present themselves. 

If the horizontal defect dimension (HDD), de- 
fined as the horizontal distance between the outer 
aspect of the implant and the buccal alveolar ridge, 
is less than 3 mm, no grafting materials are placed 
and the implant is temporized at the time of place- 
ment, unless other factors such as a deep overbite 
or a severe parafunctional habit preclude tempo- 
rization. If immediate temporization is not accom- 
plished, a healing cap is placed so that the implant 
is not submerged. In the vast majority of situa- 
tions, this implant will be temporized at the time 
of placement. 

If the HDD is greater than 3 mm, the implant 
is covered with a resorbable membrane following 
limited buccal and palatal pedicle flap reflection, 
as previously described. The implant is not tempo- 
rized at the time of placement. 

When the patient presents with a thin, highly 
scalloped biotype, the implant is placed and cov- 
ered with a resorbable membrane, following flap 
reflection as previously described. This implant is 
submerged beneath the soft tissues following rota- 
tion of a palatal pedicle flap. Due to the labile na- 
ture of the hard and soft tissues in such a scenario, 
the implant is placed at the time of tooth removal 
but is never temporized immediately, regardless of 
the dimension of the HDD. 

When a patient presents with a small buccal 
fenestration, the implant is placed following limited 
tissue reflection and graft placement at the site of 
the fenestration as previously described. The deci- 
sion as to whether to immediately load the implant 
is now biotype dependent, as discussed above. 


Clinical Example One 


A patient presented with an externally resorbing 
maxillary central incisor with a hopeless prognosis 
(Figures 11.4 and 11.5). The tooth was extracted 
without raising a flap, in a minimally invasive man- 
ner (Figure 11.6). The inner aspect of the extrac- 
tion socket was enucleated as previously described 
(Figure 11.7). The buccal wall of the extraction 
socket defect was examined internally to ascer- 
tain whether or not any buccal fenestration was 
present. A fenestration of approximately 3 mm in 
diameter was noted in the apical third of the ex- 
traction socket. 
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Figure 11.4 A central incisor demonstrates external re- 
sorption and a hopeless prognosis. 


Figure 11.5 A clinical view of the hopeless central incisor. 
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Figure 11.6 The central incisor has been extracted in a 
minimally traumatic manner. 


Osseous coagulum was collected at slow 
speed during osteotomy preparation (Figure 11.8). 
This coagulum was placed into the extraction 
socket, over the area of buccal fenestration, fol- 
lowing internal reflection of the buccal soft tissues 
away from the fenestration as previously described 
(Figure 11.9). 

Following ideal implant positioning, microfib- 
rillar collagen was placed around the implant, over 
the small expanse of HDD which was present (Fig- 
ures 11.10 and 11.11). A temporary crown was 
placed during the same visit (Figure 11.12). 

Twelve weeks after temporization, the soft tis- 
sues have adapted well to the contours of the pro- 
visional temporary crown (Figure 11.13). Removal 
of the temporary crown demonstrates the ideal soft 
tissue contours which have been obtained (Figure 
11.14). 

When a patient presents with a buccal alve- 
olar ridge dehiscence which is 5 mm or less in 
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Figure 11.7 The extraction socket has been enucleated. 
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Figure 11.8 Osseous coagulum is collected during os- 
teotomy preparation. 


Figure 11.9 The osseous coagulum is brought to the 
mouth, to be utilized in the area of buccal alveolar bone 
fenestration, after “reflection” of the periosteum from within 
the socket. 


Figure 11.10 An implant has been placed and microfibrillar 
collagen has been inserted in the residual HDD. 


Figure 11.11 Another view of the inserted implant and mi- 
crofibrillar collagen. 
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Figure 11.12 A temporary crown is appropriately con- 
toured and inserted. 


Figure 11.13 Twelve weeks after therapy has been per- 
formed, the soft tissues have adapted well to the contours 
of the temporary crown. 
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Figure 11.14 The developed soft tissue contours are evi- 
dent following temporary crown removal. 


mesiodistal expanse, the implant is placed at the 
time of tooth extraction, and graft material and a 
titanium-reinforced membrane are employed, fol- 
lowing flap reflection and rotation of a palatal pedi- 
cle flap. The implant will be uncovered and tempo- 
rized approximately six months after regenerative 
therapy has been performed. If the buccal dehis- 
cence defect measures greater than 5 mm mesiodis- 
tally, regenerative therapy is performed without 
implant placement, and the implant is placed six 
months following regenerative therapy. In such a 
situation, the implant will most probably be tem- 
porized at the time of its placement. 

Temporization is carried out utilizing a tem- 
porary meso abutment. This abutment is inserted 
into the implant, and the gingival margin is scribed 
with a sharp instrument. The meso abutment is 
placed on a laboratory analog and prepared as the 
clinician would prepare a tooth for acceptance of 
a single crown. The meso abutment is placed in 
the mouth, and a temporary crown is filled with 
acrylic and brought to the mouth. The meso abut- 
ment and temporary crown are removed from the 
mouth and placed on a laboratory analog. Final 
crown contours and marginal adaptation to the 
meso abutment are attained extraorally. The meso 
abutment is inserted into the implant, and the tem- 
porary crown is cemented onto the meso abutment 
following occlusion of the access hole of the meso 
abutment with a Skube and Panavia (Figures 11.22 
through 11.26). 

Use of the meso abutment allows the clinician 
to control the cement line of the temporary crown 
and easily remove excess cement following cemen- 
tation. The method of temporization of choice is a 


single crown, so that the control of the pressures on 
the implant and surrounding soft tissues are mini- 
mized. The crown is slightly under contoured in its 
submerged profile, and attains normal emergence 
profile and contours as it exits the gingival sulcus, 
so as to provide more space for formation of soft 
tissue. The contours of the crown/meso abutment 
complex support the surrounding soft tissues, but 
do not impinge upon them. If the tissues blanche, 
adjustment of the provisional restoration is car- 
ried out. The cells to facilitate this soft tissue re- 
generation come from the surgically “freshened” 
surrounding soft tissues. This temporary crown re- 
mains in place for 8-12 weeks after implant inser- 
tion. An implant level impression is taken, and an 
abutment and crown are fabricated and inserted 
following accepted protocols. 


Clinical Example Two 


A patient presents with a resorbing, hopeless maxil- 
lary central incisor. The soft tissue papilla between 
the central incisors is inflamed and highly vulner- 
able (Figures 11.15 and 11.16). Following atrau- 
matic flapless tooth extraction, debridement and 
assessment of the socket as previously described, 
and placement of an implant, a temporary meso 
abutment is shaped and inserted into the implant 
(Figure 11.17). A temporary crown is appropriately 
contoured and cemented over the meso abutment 


Figure 11.15 A patient presents with a fractured and hope- 
less tooth number 8. 
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Figure 11.16 A radiograph demonstrates extensive resorp- 
tion of the root of the hopeless tooth number 8. 


with temporary cement (Figure 11.18). The tempo- 
rary crown contours will provide immediate sup- 
port for the delicate interproximal soft tissues be- 
tween the central incisors, thus helping prevent 
tissue shrinkage and ensuring maximization of es- 
thetic treatment outcomes. 

One week posttherapy, the soft tissues are 
healing well around the temporary crown (Figure 
11.19). Approximately 12 weeks after therapy has 
been performed the final restoration is placed (Fig- 
ure 11.20). 

Failure to appropriately diagnose, plan treat- 
ment, and manage the multifactorial challenges 
present when contemplating tooth extraction and 
simultaneous implant placement in the esthetic 
zone will lead to unesthetic and often irreparable fi- 
nal treatment outcomes. If a patient is congenitally 
missing a tooth, or it has been gone for quite some 
time and the hard and soft tissue papillae have 
resorbed, it may be impossible to reconstruct such 
tissues (Figure 11.21). However, when anticipating 
implant placement at the time of tooth extraction, 


Figure 11.17 Following implant placement, a mesio abut- 
ment is contoured and inserted into the implant. 


Figure 11.18 A temporary crown is shaped, relined, and 
cemented to the mesio abutment. 


Figure 11.19 Seven days posttherapy, the preservation of 
the interproximal soft tissue papillae and the developing soft 
tissue contours around the temporary crown are evident. 
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Figure 11.20 The final crown has been inserted. 


appropriate care will help ensure regeneration of 
the alveolar bone in the residual extraction socket 
defect surrounding the implant, preservation of in- 
terproximal alveolar bone to support the soft tis- 
sues appropriately, and a satisfactory esthetic re- 
sult (Figure 11.22). 
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Figure 11.21 A congenitally missing mandibular lateral in- 
cisor has been replaced with an implant and crown. Note 
the lack of an interproximal papilla between the lateral in- 
cisor and cuspid. 
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Figure 11.22 Following appropriate tooth extraction, im- 
plant placement, temporization, and final restoration of the 
implant in the position of the maxillary lateral incisor, the 
esthetic potential of therapy has been maximized. 


Clinical Example Three 


A patient presented with hopeless periodontal 
prognoses for the four maxillary incisors, and sig- 
nificant loss of supporting hard and soft tissues 
(Figures 11.23 and 11.24). Tooth extraction with- 
out concomitant regeneration would lead to further 
extensive bone loss due to the thin labial nature of 
the residual buccal plate and the inflammatory le- 
sions which were present. Extraction of these teeth 
with or without concomitant regenerative therapy, 
in the absence of support of the remaining inter- 
proximal papillae, would further compromise the 
esthetic outcomes of treatment. 

The teeth were extracted in a minimally trau- 
matic manner (Figure 11.25), and the residual 


Figure 11.23 A patient presents with hopeless prognoses 
for the four maxillary central incisors. 
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Figure 11.24 (a-b) Radiographs demonstrate the severe bone loss around the hopeless four maxillary central incisors. 


extraction socket walls were examined internally. 
No fenestration or dehiscence defects were noted in 
the buccal alveolar walls of the extraction sockets. 

The implants were placed utilizing previously 
detailed techniques (Figures 11.26 and 11.27), and 
osseous coagulum, covering microfibrillar colla- 


Figure 11.25 The incisors have been extracted in a min- 
imally traumatic manner, and the sockets have been enu- 
cleated. 


gen, and temporary crowns were inserted (Figure 
11.28). 

Six weeks after therapy had been performed, 
the soft tissues were adapting well around the pro- 
visional restorations (Figure 11.29). The developed 
soft tissue contours are evident following removal 
of the provisional restoration, 12 weeks postopera- 
tively (Figure 11.30). 


Figure 11.26 Four implants have been placed as previ- 
ously described. 
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Figure 11.27 Osseous coagulum has been inserted in the 
residual HDDs and covered with microfibrillar collagen. 
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Figure 11.28 Temporary crowns are placed during the 
same visit. 


Figure 11.30 Following removal of the temporary restora- 
tions, the reattained soft tissue contours are evident. 


THE INFLUENCE OF PATIENT BIOTYPE 
ON FINAL ABUTMENT SELECTION 


Zirconia abutments offer significant esthetic ad- 
vantages, especially in patients with thin, highly 
scalloped biotypes and the resultant thin buccal 
soft tissues. In addition to the greater translucency 
offered by such abutments and crowns over con- 
ventional metal abutments and porcelain fused to 
gold crowns, Zirconia abutments may be custom 
stained. This is especially important should any 
tissue recession occur at the crown margin. Such 
recession is certainly possible in a highly scalloped 
biotype patient, as the soft tissues are more labile 
than their less-scalloped counterparts. 

In summary, care must be taken to preserve 
remaining alveolar bone, to recognize when such 
bone is missing, to identify sites which are at risk 


Figure 11.29 (a—b) Six weeks after therapy has been performed, the soft tissues are adapting well to the contours of the 


provisional restorations. 
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for loss of existing alveolar bone if certain treat- 
ment protocols are not utilized, and to regenerate 
lost bone appropriately. This is especially impor- 
tant in the interproximal areas. Once interproximal 
bone is lost, its regeneration in single tooth sites is 
unpredictable, and often leaves the restorative den- 
tist having to perform “porcelain gymnastics” to fill 
the interproximal space, or requires the patient to 
understand the situation and accept unesthetic in- 
terproximal spaces. 


IMPLANT PLACEMENT IN 
COMPROMISED SITES 


While the aforementioned decision tree appropri- 
ately considers and manages variables at the time 
of tooth extraction when interproximal papillae are 
intact, such an “ideal” situation is not always en- 
countered. When faced with papillary compromise 
at the site of tooth extraction, the risk factors and 
expected treatment outcomes of various therapeu- 
tic approaches must be carefully considered before 
developing appropriate treatment algorithms. 

While the soft tissue papilla is the surrogate 
end point most often discussed, its existence and 
form are dependent upon the underlying bone and 
attachment apparatus to the adjacent tooth. A dis- 
cussion which limits a determination of whether 
a papilla will be present to the distance between 
the contact point and bone crest fails to under- 
stand the dynamic three-dimensional nature of the 
interdental papilla, and its dependence upon bony 
contours apico occlusally, mesiodistally, and bucco 
lingually. The influence of such three-dimensional 
bony contours on the presence and shape of the 
dental papilla is well understood, having been es- 
tablished during the development of periodontal 
prosthetic principles. 

Papillary bone may be compromised to 
varying degrees, apico occlusally, buccolingually/ 
palatally, or mesiodistally (Figure 11.31). Greater 
esthetic risk is encountered as such compromise 
proceeds along each axis. The greatest risk is 
present when multiaxis compromise of the pap- 
illary bone is noted. 

The presence or absence of an intact attach- 
ment apparatus on the tooth helping to support 
the papillary bone, and thus the soft tissue papilla, 
plays a crucial role in final papilla form and level. 
The pattern of periodontal attachment loss on the 


facing root surface of the adjacent tooth must also 
be considered. 

Finally, the mesiodistal dimension of the pap- 
illary bone, and thus the overlying papillary soft 
tissues, must be assessed. Such assessment con- 
siders only if the mesial distal papillary bone is 
present or absent. Rather, the extent of mesiodis- 
tal compromise, and the pattern of bone loss, must 
also be evaluated. 

Assessment of the aforementioned factors af- 
fords the opportunity to carry out an accurate 
three-dimensional evaluation of the preoperative 
papilla and the expected postoperative papillary 
form, thus aiding the development of treatment al- 
gorithms at the time of tooth extraction in the pres- 
ence of papillary compromise (Flow chart 11.2). 
When treating a patient with a flat, bulky biotype, 
the papillary height may be intact, compromised 
by less than 2 mm, or compromised by greater 
than 2 mm. 

If the papillary height is intact, the attach- 
ment apparatus on the adjacent teeth must then 
be assessed. Should this attachment apparatus also 
prove to be intact, the decision tree is utilized 
which has already been formulated for implant 
placement at the time of tooth extraction in the 
presence of intact mesial and distal papillae (Flow 
chart 11.1). However, should the attachment appa- 
ratus on the adjacent tooth or teeth be damaged in a 
patient demonstrating appropriate papillary height, 
regenerative therapy, most likely in the form of Em- 
dogain, should be carried out at the time of implant 
placement. In such a situation, the implant is not 
temporized. Rather, primary soft tissue closure is 
attained over the implant, which will be uncovered 
and restored at a later date. 

Should less than 2 mm of papillary height 
compromise be noted, and the attachment appa- 
ratus be intact, the implant is inserted following 
tooth extraction. A dermis connective tissue graft 
is then placed, and primary soft tissue closure is 
attained over the implant. 

When papillary height is compromised less 
than 2 mm, but the attachment apparatus on the 
adjacent tooth is affected, the implant is not placed. 
Instead, periodontal and soft tissue regenerative 
procedures are carried out utilizing Emdogain and 
a dermis connective tissue graft. Primary soft tis- 
sue closure is attained, and implant placement is 
effected following appropriate healing. In such a 
situation, a flapless implant placement approach is 
often utilized. 
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Figure 11.31 Assessing papillary bone. 


Should papillary height damage of greater 
than 2 mm be noted in a flat, bulky biotype patient, 
Emdogain and a dermis graft are placed and pri- 
mary soft tissue closure is attained without implant 
placement, regardless of whether or not the attach- 
ment apparatus is further effected on the adjacent 
tooth. Once again, the implant is placed at a second 
visit, often utilizing a flapless surgical approach. 

Treatment decisions vary from those already 
described, when a tooth is extracted in a patient 
demonstrating a thin, highly scalloped biotype. In 
such a situation, if the papilla is wholly intact, the 
implant is placed as described in Flow chart 11.1 for 
implant placement at the time of tooth extraction, 
utilizing preparation rich in growth factors (PRGF) 


¢— Vertical compromise > 2 mm 


k¢— Vertical compromise < 2 mm 
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Greater risk 


>75% 


compromise Buc cal 


compromise 


M-D 
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covering membrane, and obtaining primary soft tis- 
sue closure. 

However, if papillary compromise is noted in 
a patient demonstrating a thin, highly scalloped 
biotype, one of two treatment approaches will be 
utilized. 

When no damage has occurred to the attach- 
ment apparati of the adjacent teeth, the implant 
will be placed, and the area will be covered with a 
dermis connective tissue graft. Primary soft tissue 
closure will be attained. 

Should the attachment apparatus of the ad- 
jacent tooth or teeth demonstrate compromise in 
a thin, highly scalloped biotype patient, Emdogain 
and a dermis connective tissue graft are placed, and 
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primary soft tissue closure is attained. The implant 
is not placed at this time, but is inserted at a second 
surgical visit. 


IMPLANT PLACEMENT IN 
SINGLE-TOOTH EDENTULOUS SITES 


When implant placement is anticipated in a single- 
tooth edentulous space in the esthetic zone, the 


quality, quantity, and morphology of available 
bone must be carefully assessed (Figure 11.32). 


Vertical height 
A 


Deficient > 5 mm 


ae 


| Green 


Normal 


Such assessment includes both the bone which will 
house the implant, and the bone between the im- 
plant and the adjacent teeth. This papillary bone 
will play a significant role in determining the es- 
thetic potential of implant therapy in the region. 

Compromises may be noted in the vertical di- 
mension of the bone, the horizontal dimension of 
the bone, and/or the adjacent papillae. 

As papillary compromise increases, the likeli- 
hood of esthetic compromise becomes much more 
significant. 


Greater risk 


Deficient > 3 mm <5 mm, 2 papillae compromise 
Deficient > 3 mm <5 mm, 1 papilla compromise 
Deficient < 3 mm, 2 papillae compromise 
Deficient < 3 mm, 1 papilla compromise 
Deficient > 3 mm <5 mm, 0 papilla compromise 


Deficient < 3 mm 0 papilla compromise 
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Figure 11.32 Assessing edentulous space bone. 
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Both the amount of available bone, and the 
presence or absence of the buccal line angle of 
bone, will play significant roles in both develop- 
ment of treatment algorithms and final esthetic 
treatment outcomes (Flow chart 11.3). 

If the vertical dimension of bone in the eden- 
tulous space is uncompromised, the status of the 
adjacent papillae must then be assessed. When the 
papillae are intact, the presence or absence of an 
intact buccal alveolar bone line angle will be the 
determining factor in developing the appropriate 
treatment algorithm. 

If the buccal line angle of bone is intact, and 
primary stability of the implant can be attained 
in the ideal position, the implant is placed, any 
necessary regenerative therapy is carried out, and 
primary soft tissue closure is attained. The selec- 
tion of appropriate regenerative materials has been 
discussed in Chapter 2. If no regenerative therapy 
was necessary at the time of implant placement, 
the implant is temporized in infraocclusion during 
the same visit. 

If the buccal line angle of bone is intact, but 
primary stability of the implant cannot be attained 
in an ideal position, a titanium-reinforced mem- 
brane is utilized over the appropriate graft mate- 
rials, and primary soft tissue closure is attained. 
The implant is placed at a second surgical visit, 
following completion of bone regeneration. 

When the papillae are intact in a patient with 
no vertical bone compromise, but the buccal line 
angle of bone is not intact, the patient’s biotype 
plays a significant role in determining the appro- 
priate treatment algorithm. 

In a patient with a flat, bulky biotype, if pri- 
mary stability can be attained in an ideal position, 
the implant is placed and appropriate regenerative 
therapy is carried out employing graft materials and 
a titanium-reinforced membrane. Primary soft tis- 
sue closure is effected over the implant. 

If the implant cannot be stabilized in an ideal 
position, bone augmentation is carried out utiliz- 
ing the appropriate grafting materials and a cover- 
ing titanium-reinforced membrane. The implant is 
placed at a second surgical visit. 

When the buccal line of bone angle is not in- 
tact in a patient with an uncompromised vertical 
dimension of bone in an edentulous site, in the 
presence of a thin, highly scalloped biotype, the 
implant is never placed at the time of bone regener- 
ation. Rather, guided bone regenerative therapy is 
carried out utilizing the appropriate grafting mate- 


rials beneath a titanium-reinforced membrane, and 
primary soft tissue closure is attained. The implant 
is placed at a second surgical visit. 

If a patient presents with no compromise of 
the vertical dimension of bone in a single-tooth 
edentulous site, but the adjacent papilla or papil- 
lae are compromised, the patient’s biotype deter- 
mines the precise course of therapy. In such a sit- 
uation, the same treatment algorithms are utilized 
which have been developed for decision making at 
the time of tooth extraction in the esthetic zone in 
the presence of papillary compromise (Flow chart 
11.1). 

When a patient presents with compromise of 
the vertical dimension of bone in a single-tooth 
edentulous site, the extent of the compromise is the 
prime determining factor in treatment algorithm 
development. Should less than 3 mm of vertical 
compromise be noted, and the papillae are uncom- 
promised, the buccal line angle of bone is then 
assessed. 

If the buccal line angle of bone is intact, and 
the implant can be stabilized in an ideal position, a 
bone level or Straumann design standard plus im- 
plant is placed in conjunction with a dermis con- 
nective tissue graft. Primary soft tissue closure is 
attained. 

If the buccal line angle of bone is intact, but 
the implant cannot be stabilized in an ideal posi- 
tion, regenerative therapy is carried out utilizing a 
titanium-reinforced membrane over the appropri- 
ate grafting materials. Most often, a dermis con- 
nective tissue graft is placed at the same time, and 
primary soft tissue closure is attained. A bone level 
or standard plus implant is placed at a second stage 
visit. If necessary, a second dermis connective tis- 
sue graft is also placed at this time. 

If the papilla or papillae are compromised in 
a patient demonstrating less than 3 mm of vertical 
bone compromise in a single-tooth edentulous site, 
the decision tree is employed which was utilized 
in the face of papillary compromise at the time of 
tooth extraction. Either a bone level or Straumann 
design standard plus implant is placed at the ap- 
propriate time. 

When the line angle of the ridge is not intact, 
in an edentulous site which demonstrates less than 
3 mm of vertical compromise, the same decision 
tree is employed as was utilized for patients with no 
vertical bone compromise, with the exception that 
a dermis connective tissue graft is always placed 
(Flow chart 11.3). 
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When a patient presents with between 3 and 
5 mm of vertical bone compromise in a single-tooth 
edentulous site, the status of the adjacent papillae 
is first assessed. If the buccal line angle of bone 
is intact, and the implant can be stabilized in an 
ideal position, a Straumann design standard im- 
plant is inserted, regenerative therapy utilizing a 
bone graft beneath a PRGF membrane is carried 
out, and a dermis connective tissue graft is placed. 
Primary soft tissue closure is attained. The design 
of this implant, which offers 2.8 mm of additional 
implant crestal to the bony crest, helps support the 
regenerative materials which are placed, positions 
the implant abutment joint away from the crest of 
bone, and raises the abutment crown interface to a 
more manageable subgingival position. 

Should the buccal line angle of bone be intact 
in a patient demonstrating between 3 and 5 mm of 
vertical bone compromise, but the implant cannot 
be secured in an ideal position, regenerative ther- 
apy is carried out utilizing a titanium-reinforced 
membrane over the appropriate graft materials. Pri- 
mary soft tissue closure is attained. A bone level or 
Straumann design standard implant is placed at a 
second stage, in conjunction with placement of a 
dermis connective tissue graft. Primary soft tissue 
closure is once again attained. 

When a patient demonstrates 3-5 mm of ver- 
tical bone compromise, as well as compromise of 
one or both of the adjacent papillae, the same treat- 
ment algorithms are utilized which have been de- 
veloped for decision making at the time of tooth ex- 
traction in the face of papillary compromise (Flow 
chart 11.2), with the exception that a connective 
tissue dermis graft is always placed, and a bone 
level or Straumann design standard implant is em- 
ployed. 

When considering “normal” papillae or com- 
promised papillae in situations where 3-5 mm of 
vertical bone compromise are noted, it is rare but 
not impossible to find the adjacent papillae intact. 
The clinician should expect to encounter compro- 
mised papillae, and ascertain how such an absolute 
compromise relates to the patient’s perception of 
compromise and the desired treatment outcome. 

In contrast, a patient demonstrating greater 
than 5 mm of vertical bone compromise almost 
always presents with significant papillary compro- 
mise. 

In such a situation, if the attachment ap- 
paratus on the adjacent tooth is intact, regener- 
ative therapy is carried out utilizing a titanium- 


reinforced membrane over the appropriate bone 
graft materials. A connective tissue dermis graft is 
placed and PRGF is utilized. A Straumann design 
standard implant is placed at a second stage. An- 
other dermis connective tissue graft may be placed 
at this time. 

If the attachment apparatus on the adjacent 
tooth is not intact when a patient presents with 
greater than 5 mm of vertical bone compromise, 
regenerative therapy is once again carried out, 
utilizing grafting materials beneath a titanium- 
reinforced membrane. Emdogain is also placed on 
the adjacent tooth’s root surface in an attempt to 
effect reattachment, and a dermis connective tissue 
graft is placed over PRGF. Once again, a Straumann 
design standard implant is placed at a second stage 
surgical visit, with possible addition of another der- 
mis connective tissue graft. 


Conclusions 


Utilized appropriately, immediate implant place- 
ment and temporization for replacement of single 
teeth in the esthetic zone is highly predictable and 
offers a plethora of patient advantages. The num- 
ber of surgical insults and the overall time of ther- 
apy are decreased. Immediate implant temporiza- 
tion also affords the opportunity to support and 
control soft tissue healing, thus enhancing final 
esthetic treatment outcomes. However, it is im- 
perative that appropriate case work up and di- 
agnosis be carried out prior to the initiation of 
such therapy and that implant selection not be 
based upon manufacturer claims or financial con- 
siderations, but rather be grounded in sound bio- 
logic principles, independent research, and clinical 
reality. 
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Flow chart 11.1 Decision making at the time of tooth extraction: The uncompromised site (Part 1 of 2) 
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Flow chart 11.1 Decision making at the time of tooth extraction: The uncompromised site (Part 2 of 2) 
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Chapter 12 


Immediate Loading of the Full Arch in 
Patients with a Failing Dentition 


Robert Jaffin, DMD 
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Introduction 


The use of implants to replace missing teeth has 
become the standard of care in most clinical situa- 
tions. Their predictability, ease of placement for the 
patient, and longevity are some of the factors which 
have expanded implant utilization in clinical den- 
tistry. Initially recommended for use in edentulous 
arches, implant placement has evolved to address 
almost all situations involving missing teeth. 
Delayed loading of submerged implants was 
part of the initial treatment protocol, to allow for 
attainment of osseointegration before the implants 
were restored. This practice was developed both 
empirically and with a biologic basis (1). It was 
known that if implants moved during healing, they 
would not integrate (2). The concept of immedi- 
ate loading of implants has been utilized since 
the mid-1990s (3). This treatment approach was 
developed to protect healing implants from mi- 
cromotion by placing additional implants (which 
would eventually be removed) and loading them, 
allowing the submerged implants to heal without 
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concern for overlaying force application. The con- 
cept of immediate implant loading has evolved so 
that many clinicians now employ such a treatment 
approach. 

Implants installed into fresh extraction sock- 
ets (immediately placed implants) have also ex- 
panded our therapeutic options. Overall treatment 
times have been reduced, without a decrease in 
success rates or esthetic treatment outcomes (4). 

Advances in implant designs and surfaces 
have further enhanced implant therapy. Implants 
no longer have to be submerged while healing. The 
use of single stage implants has eliminated the need 
for a second surgery. In addition, implant surface 
alterations afford faster, more predictable osseoin- 
tegration. 

Under specific circumstances, patients with 
a hopeless tooth or teeth may have implants in- 
stalled in fresh extraction sockets, and teeth placed 
on the implants in the same day. This approach is 
utilized in situations ranging from a single tooth 
to a full arch. If the implant restoration is placed 
within 48 h of implant installation and is in occlu- 
sion, the implant is considered immediately loaded. 
If the inserted implant restoration is not in oc- 
clusal function, the term immediate temporization 
applies. 

To appreciate these advances in implant ther- 
apy and how they relate to immediate loading, 
an understanding of the concepts of osseointe- 
gration are crucial. Factors such as the shape 
and surface of the implant, growth of bone onto 
the implant, and the manner in which applied 
forces are received by the implant are vital to 
predictably treating patients utilizing this mode of 
care. 

The machined titanium surface was initially 
the gold standard for implants. It offered high 


success rates, but required healing periods of 
3-6 months before loading. Roughened implant 
surfaces not only afford shorter healing times, but 
also demonstrate higher torque removal values 
and increased bone-to-implant contact at earlier 
time frames than their smooth-surfaced counter- 
parts (5). Hydrophilic, micro-roughened surfaces 
have further reduced healing times (6). These ad- 
vances can be traced to the cellular level. It has 
been demonstrated that roughened implant sur- 
faces stabilize clot formation, which plays a key 
role in cell behavior and osseoinduction (7, 8). 
Since the clot was not as well attached to machined 
titanium, the cellular response was slower, thus re- 
quiring longer integration periods to achieve simi- 
lar torque removal values and bone to implant con- 
tact as roughened surface implants. A roughened 
surface texture on the implant is beneficial when 
employing an immediate loading protocol, as more 
rapid osseointegration reduces the risk of implant 
loss. 

The forces received by the implant and bone 
can be simulated utilizing finite element analysis 
(FEA) (9). In FEA, implants are placed in a mate- 
rial which simulates bone, and the forces placed 
on the “bone” by the implant are measured. Nu- 
merous studies demonstrate that most of the ap- 
plied stresses are received by the crestal aspect 
of the implant, at the crestal bone (10). Increases 
in implant diameter lead to better stress reduc- 
tion at the bone implant interface than do in- 
creases in implant length (11). Therefore, the con- 
cept of crown-to-implant ratio is not as relevant 
as when dealing with teeth. This fact has been 
validated in clinical studies that show high suc- 
cess rates with short implants, as discussed in 
Chapter 7 (12). 

FEA have also established the fact that the im- 
plant abutment interface plays a key role in how 
occlusal forces are translated to surrounding bone. 
The implant/abutment interface (I/A) can be sep- 
arated into two basic types: conical and flat-top 
(external hex). The peak interfacial shear stress is 
seen at marginal bone with both flat-top and coni- 
cal I/A. However, axial stress is smaller and located 
deeper in the bone with the conical I/A interface 
than with the flat-top I/A, where the axial stress is 
located at the osseous crest. Therefore, the conical 
I/A resists larger axial loads than the flat-top I/A 
(13). It has also been demonstrated that the conical 
I/A resists axial bending forces much better than 
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the flat-top I/A (14). As a result, the conical I/A 
offers a more advantageous situation in immediate 
loading. 

Implants will integrate if micromotion of the 
implants does not exceed 150 um during healing 
(2). This is a key element in the success of immedi- 
ate loading of implants. Factors such as bone den- 
sity, implant length, diameter, configuration and 
surface, as well as the number of implants placed, 
are all crucial to a successful treatment outcome. 
Numerous studies have demonstrated that osseoin- 
tegration rates are generally lower in soft (type IV) 
bone with a machined titanium surface (15). How- 
ever, roughened surface implants exhibit much 
greater bone to implant contact in type IV bone 
than their smooth surface counterparts (16). 

The faster the implant integrates, the sooner 
concerns over external factors such as patient com- 
pliance are eliminated. The surface of the implant 
is a key determinant in this speed of integration. 
At installation, the primary stability of an implant 
is due to the screw’s retention in the bone. Over 
time, bone grows onto the implant in the grooves 
between the threads, and bone resorption occurs 
in the area of primary stability. If bone growth 
can be accelerated, the duration of loss of primary 
stability will be diminished, and the implant 
will integrate sooner (Figure 12.1). Studies have 
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Figure 12.1 Graph demonstrating primary stability versus 
integration over time. 
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Figure 12.2 An oblique CT of an implant placed apical to 
the tooth, with density measures. 


demonstrated increases in both bone apposition 
and density over time around implants (17). It 
was further shown that these increases occur more 
rapidly on a roughened than on a machined surface 
implant (18). 

Since it is vital for the implant to be stable 
when immediately loaded, bone density becomes 
an important factor. Bone density readings can be 
obtained preoperatively with a CAT scan (Figure 
12.2). If the bone density is less than 375-400 
Hounsfield units, wider, longer implants must be 
considered. Tests for implant stability such as res- 
onance frequency analysis (RFA) help determine 
the implant stability quotient (ISQ) at installation 
(19). These tests do not determine bone density 
but rather implant stability, which is a function not 
only of bone density but also of implant diameter, 
length, and configuration. 

Utilizing this basic understanding of implant 
physiology and bone biology, a rationale for im- 
mediate loading has evolved. In order to load an 
implant at installation it must be stable enough to 
not move more than 150 um under function. Bone 
density at the site of the implant should be deter- 
mined in advance. If there is any question regard- 
ing implant stability, a wider implant should be 
selected before choosing a longer implant. The im- 
plant should have a micro-roughened surface and 
a conical I/A. 

The key question that must be answered 
when contemplating immediate loading of a full 
arch is: Can a sufficient number of implants of ad- 
equate dimensions be placed in bone of adequate 
density to support an arch of teeth while the im- 
plants are integrating? If the answer to the above 
question is affirmative, the presurgical prosthetic 
planning stage may begin. 


Treatment Planning 


The determination of whether and when to ex- 
tract or save teeth is based upon a host of factors. 
Of paramount importance is the patient’s health. 
Can the patient tolerate the procedure? What are 
the ramifications of performing dental work on 
the patient? What medications is the patient tak- 
ing? Will dental procedures interfere with the med- 
ications? Will the medications interfere with the 
dental procedure? Can the patient stop taking 
the medications? Once these questions have been 
answered, a general dental evaluation must be 
performed. 

The patient’s past dental history must be con- 
sidered. Does the patient have a high caries rate? 
What is the patient’s periodontal history? Has the 
patient had successful endodontics performed? Is 
there a history of root fracture? Has the patient 
been compliant? If there is a history of failure, are 
“heroics” indicated? 

A thorough examination of the oral cavity 
should be performed. Each tooth must be evaluated 
regarding its long-term prognosis. An evaluation of 
periodontal support and restorability are necessary 
to determine whether a tooth is to be maintained. 
If the tooth has a good prognosis, does it aid in the 
long-term restoration of the arch? 

With the high long-term success rates and sta- 
bility of bone levels around implants, is there a 
benefit to maintaining natural teeth between im- 
plants? Is our primary goal as dentists to maintain 
the natural dentition in health, or to provide treat- 
ment which will offer the patient the best long-term 
prognosis, delivered over a realistic time interval, 
with the least amount of maintenance, for a rea- 
sonable fee? Patients do not want grief or aggra- 
vation. They also do not want to repeat therapy 
again and again and again. Therefore, when devel- 
oping a treatment plan for a full arch rehabilita- 
tion, one must ask whether the retention of spe- 
cific teeth will enhance or diminish the chances 
of attaining and maintaining the best long-term 
result. 

Traditionally, patients who were losing their 
dentitions and were committed to having full 
arch implant supported restorations were either 
transitioned into full dentures while the implants 
were healing or underwent serial extractions. The 
problem with wearing a full denture over heal- 
ing implants is that the denture can create 
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Figure 12.3 (a) Picture of implants that lost bone, under denture during integration. (b) A radiographic view of implants which 


lost bone during healing, under a denture. 


micromotion, which may lead to implant and/or 
bone loss (Figures 12.3a-b). 

Serial extraction involves saving enough teeth 
to place a full arch provisional fixed restoration, ex- 
traction of the remaining teeth and either installing 
implants in the sockets or permitting the sockets to 
heal and then placing implants. This treatment pro- 
vides an ideal means by which to avoid the patient 
having to wear a denture. However, many disad- 
vantages to this approach are evident. The selected 
abutment teeth frequently preclude the placement 
of all of the implants that are required, or place- 
ment of all implant in the desired positions. As a 
result, a second series of extractions and implant 
surgery become necessary. In such a situation, a 
second and sometimes third provisional restoration 
needs to be fabricated when the implants have inte- 
grated and the remaining teeth are extracted. These 
provisional restorations frequently require adjust- 
ment and/or repair. Multiple surgeries and provi- 
sional restorations add time (sometimes as long as 
two years) and additional fees to therapy. 

The benefits of immediate implant loading are 
that the patient is converted from a failing denti- 
tion to a fixed dentition within 48 h, and that this 
approach eliminates the problems associated with 


serial extractions or full dentures. Success rates ex- 
ceeding 90% in the treatment of full arches with 
immediately loaded implants have been reported 
(19-21). 

Once it has been established that the dentition 
is hopeless, a series of steps must be followed to 
ensure that the planned day of surgery will run 
smoothly. Extensive presurgical planning by the 
restorative dentist and surgeon must be undertaken 
(Table 12.1) 

The restorative dentist must perform a pros- 
thetic evaluation. Esthetic parameters such as smile 
line, midline, tooth proportion, tooth position, lip 
support, phonetics, type of occlusion, and tooth 


Table 12.1 Steps for presurgical planning. 


e Mounted casts for occlusal evaluation and tooth position 
e Radiographic evaluation 

Determine sites after wax-up 

Determine type of provisional (screw vs. cement and 
hybrid vs. crown and bridge) 

Fabricate template 
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Figure 12.4 (a—d) A patient presents with a hopeless maxillary dentition. 


length must be addressed. The amount of soft 
tissue loss and the patient’s occlusal patterns 
and habits must be taken into consideration. The 
patient’s esthetic expectations and psychological 
makeup must also be acknowledged. This pretreat- 
ment workup will determine whether the implants 
can be loaded immediately and whether a hy- 
brid or crown and bridge-type prosthesis, cement- 
or screw-retained, or direct or indirect technique 
(where the implants must be indexed) will be uti- 
lized (Figures 12.4 and 12.5a-b). 

Surgical templates must be fabricated. If the 
patient is going to be scanned, radio-opaque mark- 
ers are added to the stent, so the patient can 
wear the stent during the CAT scan. The templates 
will be used during implant surgery. One template 
should be an omnivac shell which will cover the 
palate or have a positive seat in the mandible. 
The other stent should be reinforced with a nonpli- 
able material, with the buccal halves of the teeth 
cut away and a 2-mm groove placed in the center 


of each tooth, where the bur can be placed (Figures 
12.6a-c). 

During the planning stages of therapy it is 
advisable to attempt to retain one tooth on each 
side of the arch during surgery, preferably a molar, 
to help stabilize the template and aid in taking a 
bite registration. 

Radiographic evaluation should begin with a 
full series of parallel periapical radiographs. From 
these film, crestal bone levels, apical bone volume, 
root proximity, and periapical pathology can be ob- 
served (Figure 12.7). Anatomic structures such as 
the mandibular canal and maxillary sinuses can 
also be viewed. If the periapical radiographs do 
not reveal the above, a CAT scan is recommended. 

The CAT scan is beneficial because it pro- 
vides a more accurate assessment of the bone and 
teeth. Precise distances can be measured including 
tooth length, apical bone, distance to the mandibu- 
lar canal and planned implant size. The density of 
the bone adjacent to the planned implant, a key 
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Figure 12.5 (a—b) A prosthetic wax-up of the case is carried out to determine proper tooth position. 


(a) (b) 


(c) 


Figure 12.6 (a—c) Templates have been made from a wax-up. Note the buccal cut away, and clear vacuform with the entire 


tooth present. 
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Figure 12.7 Periapical radiographs of the patient. 


determinant for successful immediate loading, may 
be assessed. The inter-implant position, which will 
determine parallelism of the implants is also es- 
tablished. The entire case is planned beforehand 
to maximize predictability and success of therapy 
(Figures 12.8 and 12.9a-b). 

Individual sites are selected which ensure at 
least 8 mm of implant will be embedded in bone 
with a density greater than 375-400 Hounsfield 
units, so as to offer adequate primary stability for 
the implants which are to be immediately loaded 
(Figure 12.10). Adjacent maxillary anterior im- 
plants are avoided, to reduce esthetic complica- 
tions and restorative difficulties. A distance of 3 
mm must be present between adjacent implant 
shoulders. 

The primary goal of implant placement is to 
supply a foundation to support 10-12 teeth for 
both the immediately loaded and final restorations. 
In the maxilla, 6 implants are recommended; 4-6 
implants are recommended in the mandible. Plac- 
ing an insufficient number of implants will lead to 
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Figure 12.8 A panoramic view from the CT, with implants 
in place and density measurements. 
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Figure 12.9 (a—b) Three-dimensional views from the CT with implants in place. 


implant overload and implant loss. When installing 
more than 6 implants in an arch, attaining passiv- 
ity of the provisional restoration becomes an issue 
(Figure 12.11). 

The ideal positions for six implants in the 
mandible are first molars, first bicuspids, and lat- 
eral incisors; or first bicuspids and lateral incisors 
if four are to be placed. If the mandibular cus- 
pid areas are fresh extraction sites, they are not 
considered primary implant sites due to the di- 
ameter and length of the root and the thin buc- 
cal alveolar plate. If the location of the mandibu- 
lar canal precludes placing an implant of 8 mm 
in length, all implants are placed at least 5 mm 
anterior to the mental foramen to avoid the canal 
and anterior loop. Due to favorable anatomy, par- 
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Figure 12.10 An oblique view of site 5, with density mea- 
surement (apical area). 


allelism of the implants in full arch mandibular 
cases is generally achievable (Figures 12.12 and 
12.13a-d). 

In the maxilla, the first molar, first bicus- 
pid, and lateral incisor sites are the ideal locations 
in which to place implants to produce a 12-tooth 
restoration. However, the first molar is rarely avail- 
able as an implant location without augmentation. 
Therefore, the second bicuspid site is the most com- 
mon distal implant position in maxillary immedi- 
ate load cases. If the cuspid is a fresh extraction, 
the socket is generally wide, deep, and has a thin 
buccal alveolar plate. It offers a poor site for an im- 
mediately loaded implant. The lateral incisors offer 
the ideal anterior positions because they are not 
adjacent to each other, and the thick palatal wall 


Figure 12.11 Oblique views of the six selected sites (4, 5, 
7, 10, 12, 13). 
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Figure 12.12 A mandibular panorex from the CT, with six 
sites selected, and bone density readings. 


of the extraction socket affords excellent stability 
to the implant (Figures 12.14a-b). 

Implant parallelism between the right and left 
sides of the arch is usually not achievable due to 
the resorptive patterns of the maxilla. This situa- 
tion can be visualized using the three-dimensional 
view in the CAT scan program. There are many 
ways to compensate for this problem. If a cement- 
retained provisional restoration is planned, the 
implants on each side are installed parallel to 
each other, and the provisional restoration is fab- 
ricated in two pieces (right and left), then luted 
in the mouth at the midline (Figures 12.15a- 
b). If a screw-retained provisional restoration is 
planned, the implants at the lateral incisor sites 
are placed parallel to each other with the screw- 
access chambers in the cingulum. The implants 
placed in the posterior sites are parallel to each 


Figure 12.13 (a—d) Three-dimensional views of the mandible showing the mandibular canal and the implants. 
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Figure 12.14 (a—b) Three-dimensional views of the maxilla demonstrating ideal implant positions and divergence of the 


implants from side to side. 


other on each side, with the access channels placed 
in the central fossae. This fact will be important 
in the final restoration (Figures 12.16a-b). If a one 
piece, cemented provisional restoration is planned, 
the use of angled abutments will most likely be 
necessary. 

In the presurgical planning phase, all con- 
tingencies must be anticipated. A patient who is 
dentate and having their teeth extracted expects to 
have a “new” dentition placed that day or soon 
thereafter. If there is any chance that the case may 
not be immediately loaded, a denture must be made 
ready as a standby (Table 12.2). 

Implant sites are never prepared for the 
largest possible implant size, in the event that a 


“rescue” implant becomes necessary. Templates 
with sleeves are not used because, if there is a 
change in implant position or angulation due to 
complications at the planned site, the template 
would be rendered useless. Therefore, the tem- 
plate must accurately indicate tooth position with- 
out limiting implant angulation. 

Before the patient is scheduled for surgery, 
the surgeon and the restorative dentist review the 
case a final time. The templates are verified in the 
patient’s mouth. The inventory of implants and 
prosthetic components is checked. All contingen- 
cies are planned for. The goal is to have the day 
of immediate implant loading run as smoothly as a 
Beethoven symphony (Table 12.3). 


Figure 12.15 (a—b) Provisional restoration of maxilla demonstrates divergence of the implants from the right to left sides 


and appropriate contours of the carved provisional. 
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Figure 12.16 (a—b) Three-dimensional views of the maxilla demonstrating divergence of the implants and proper positioning 


of screw-access channels in the provisional. 


Table 12.2 Criteria for immediate load therapy. 


e Ability to place a minimum of four implants in the 
mandible and six in the maxilla, dispersed throughout 
the arch 

e Implants must be secured in 8 mm of bone 

e Density of bone must exceed 350—400 Hounsfield 
units 

e Ability to place implants parallel to each other in the 
mandible 

e Ability to place the implant shoulder at the buccal 
crest of bone 

e Adjacent maxillary anterior implants are avoided 

e Mandible site priority—if no bone is available superior 
to alveolar canal: 

o Intraforaminal placement 
e Four implants: anterior sites laterals, then 
cuspids; posterior sites second molars, then first 
molars 
e Five implants: central incisor implant placed 
first, then most posterior implant, usually second 
bicuspid if not first bicuspid, last two implants 
spaced between anterior and posterior implants 
e Six implants: posterior sites distal to mental 
foramen anterior sites—primary position—lateral 
incisor then cuspids; second site is generally first 
bicuspid; distal site either first molar or second 
bicuspid 

e Maxilla 
o Six implants: anterior sites—ideal are; lateral 

incisors; if unusable then one central, one lateral, 

cuspids are third priority site; both centrals is last 

choice; middle site;—first bicuspid; distal 

site;—ideal is first molar but usually second molar 
o Bicuspid 


Table 12.3 Criteria for type of immediate prosthesis. 


e Evaluate esthetic profile 


o High smile, small teeth, thin biotype—hybrid 

o Multiple missing anterior teeth—hybrid 

o Lip support needed—hybrid 

o Any esthetic, tooth, hard or soft tissues 
deformities—hybrid 


Surgery 


The patient is premedicated with Amoxicillin 
2 g or another appropriate antibiotic, 1 h be- 
fore the scheduled treatment. An antiseptic scrub 
(Chlorhexidine gluconate 2%) is applied through- 
out the oral cavity. The templates are checked to 
verify a positive seat. The patient is draped for im- 
plant surgery. 

Extractions are performed as atraumatically 
as possible. Molars are sectioned, and all sockets 
are thoroughly debrided following tooth removal. 

As a general rule, selected sites should pro- 
vide the most optimal bone available, while avoid- 
ing adjacent anterior implants. The anterior sites 
are prepared first. Sharp, new burs are employed 
to avoid chattering, which can shatter the support- 
ing walls of a site. If all alveolar walls surrounding 
an implant are present, no augmentation will be 
required. 
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Figure 12.17 (a—c) A view of the maxillary surgery, demonstrating template utilization and parallel placement of the lateral 


incisor implants. 


In the mandible, once the patient has been 
draped and the teeth have been extracted, the resid- 
ual alveolar ridge is flattened to avoid ridge height 
discrepancies, and to help ensure that the implant 
shoulders will be at the same height. The template 
is placed in the mouth and the anterior sites are 
prepared. If the provisional restoration is going to 
be screw retained, the access holes will be placed 
on the cingulum. If a cement-retained prosthesis is 
planned, the implants should line up with the in- 
cisal edges of the prosthesis. This is verified with 
the clear omnivac stent. 

The posterior sites are subsequently prepared 
utilizing the solid template with buccal grooves. 
Parallelism is generally attainable and can be ver- 
ified with directional indicators and the clear tem- 
plate. Once the sites have been prepared and the 
implants installed, a visual check will determine 
whether bone covers any part of the implant shoul- 
der. Should this occur, a bone profiler is used to 


eliminate the excess bone. Chisels may also be re- 
quired if there is a significant scallop to the extrac- 
tion socket. 

In the maxilla, the surgery is generally more 
difficult in the anterior segment. The apices of the 
lateral incisors have a distal cant. Care must be 
taken to ensure that the implants do not emerge 
from the interproximal (lateral/central) areas. The 
initial access hole should be made in the palatal 
bone, approximately 2/3 of the way toward the 
apices of the sockets. The solid template with 
grooves is very helpful in determining these po- 
sitions. If a screw-retained prosthesis is planned, 
the access holes must emerge from the cingula. 
If a cement restoration is planned, the solid abut- 
ments should line up with the incisal edges of the 
restoration. This fact is verified with the clear stent 
(Figures 12.17a-c). 

Posterior implant placement will depend 
upon the type of restoration which will be 
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Figure 12.18 (a—b) A view of maxillary posterior implant placement with parallelism. 


fabricated. If the restoration is to be cement re- 
tained, the posterior implants must be parallel to 
the anterior implant on a given side. Since there 
is a labial flare to the premaxilla, the posterior im- 
plants will either have an anterior tilt, or angled 
abutments will be employed. Screw-retained pros- 
theses permit vertical placement of the implants 
in the posterior sockets, as a lack of parallelism 
can be compensated for in the restoration (Figures 
12.18a-b, 12.19a-b, and 12.20a-b). 

Since many of the implants are sitting in sock- 
ets that are scalloped, great care must be taken to 
remove any bone over the implant shoulders, as 
such bone could preclude proper seating of the im- 
pression or temporary cylinders. As previously dis- 
cussed, this is accomplished through the use of a 
bone profiler (Figures 12.21a-b). 


Prosthetics 


SCREW-RETAINED PROVISIONAL 
RESTORATIONS 


Once the implants have been placed, the shoul- 
ders and internal configurations of the implants 
should be free of tissue and blood. Solid abut- 
ments are loosely connected to the implants and 
a bite is taken with a very fast setting registration 
mousse (Figures 12.22a-b). If any teeth have been 
retained to help establish a bite and vertical di- 
mension, they are now extracted. An implant level, 
open tray impression utilizing a heavy body mate- 
rial is taken (Figure 12.23). Large healing covers, 
lubricated with Neosporin or petroleum jelly, are 
gently affixed to the implants. The flaps are loosely 
sutured (Figure 12.24). 


Figure 12.19 (a—b) Six implants are installed with the aid of surgical templates. 
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Figure 12.21 (a—b) Bone profiling is carried out to reduce excess interproximal bone, thus allowing seating of the impression 
coping or temporary cylinder. 


Seago. vi" 


Figure 12.22 (a-b) A bite registration is taken with solid abutments, registration material, and the template. 
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Figure 12.23 Sutures loosely approximate the tissues with 
the impression cylinders in place. 


Analogs are connected to the impression 
cylinders and the model is poured. The casts are 
mounted with the aid of the solid abutments on the 
master cast. The solid abutments are removed and 
the temporary cylinders are screwed into the im- 
plants and trimmed to the appropriate heights. The 
provisional restoration is fabricated on the cylin- 
ders (Figures 12.25a-b, 12.26a-b, and 12.27a-b). 

The patient returns to the dentist within 48 
h. The healing covers are removed and the provi- 
sional restoration is seated (Figures 12.28a-b and 
12.29a-b). Radiographs are taken to confirm com- 
plete seating. The screws are hand tightened, the 
access holes are covered with cotton and a tem- 
porary filling material. The occlusion is checked 
for bilateral simultaneous contact, with no inter- 
ferences in lateral excursions. 


Figure 12.24 Lubricated healing covers are in place. 


The patient is instructed to remain on a soft 
diet for six weeks. At one week, sutures are re- 
moved. The occlusion is rechecked over the next 
week. At the six-week postoperative visit, the 
bridge is removed and the implants are checked for 
integration. If the implants are firm and the patient 
is asymptomatic, they are told they may return to 
a normal diet. If any of the implants are loose, they 
are replaced with wider/longer implants and the 
bridge is reinserted but not attached to the “res- 
cue” implants. 

At 12 weeks postoperatively, the provisional 
restoration is removed and all implants are torqued 
to 35 Ncm. Radiographs are taken. If the implants 
tolerate the torque test, fabrication of the final 
restoration may commence (Figure 12.30). 


USE OF CEMENT-RETAINED 
PROVISIONAL RESTORATIONS 


The implant shoulders and internal configurations 
are cleared of blood and tissue. Solid abutments 
of the appropriate heights are placed with hand 
torque. Temporary cylinders are placed on the 
abutments. The acrylic shell is luted with acrylic 
to the temporary cylinders at the proper vertical di- 
mension and bite, then removed from the mouth. It 
will be carved and polished extraorally. While this 
is occurring, either impression cylinders or healing 
covers are placed on the implants to avoid col- 
lapse of the soft tissues over the implants. The 
provisional restoration is fabricated, with care be- 
ing taken to finish the acrylic to the shoulders of 
the implants. The implant covers are removed and 
the provisional restoration is seated and cemented. 
Care is taken to remove all excess cement (Figures 
12.31a-b, 12.32a-d, and 12.33a-b). 

If there is an angulation discrepancy, an im- 
plant level impression is taken, in order to select 
the proper components. A bite is captured and the 
impression is poured. Healing covers are placed on 
the implants. The casts are mounted. The appro- 
priate abutments are selected and indexed with a 
jig, and the provisional restoration is fabricated. 
The patient returns to the dentist, who removes 
the healing covers and, with the aid of the jig, 
places the abutments with hand torque. If an an- 
gled abutment receives too much torque, the im- 
plant may rotate, which would alter the angulation 
of the abutment. Once the abutments are in place, 
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Figure 12.26 (a—b) A view of the hollow provisional shell. 


Figure 12.27 (a—b) Note the carved provisional with proper gingival contours. 


334 Patients with a Failing Dentition 


Figure 12.28 (a—b) Twenty-four hours after surgery, cover screws and sutures are in place and placement of the screw- 
retained provisional bridge is carried out. 


Figure 12.29 (a-b) A facial view after provisional bridge placement. 


Figure 12.30 The healed tissue at 12 weeks. 


Patients with a Failing Dentition 335 


Figure 12.32 (a—d) Provisional bridge fabrication using the direct method on solid abutments: A rubber dam and temporary 
cylinders are placed; the shell is attached to the cylinders; removal of the shell demonstrates the divergence of the implants; 
the provisional bridge is fabricated in two segments which will be luted at the midline. 
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Figure 12.33 (a—b) Soft tissue healing at 12 weeks, and a facial view of the provisional bridge. 


the provisional restoration is seated and cemented 
(Figures 12.34a-d, 12.35a-b, and 12.36a-b). 

The patient follows the same dietary and post- 
operative instructions as previously outlined. 

At 12 weeks postoperatively, radiographs are 
taken and the implants are torqued to 35 Nem. If 
the patient is asymptomatic and all implants pass 
the torque test, final restoration of the implants 
may commence. In such cases, the soft tissues 
have healed around a properly contoured provi- 
sional restoration while the implants were integrat- 
ing. Therefore, the final impression may now be 
taken. 


Clinical Example One: Mandible 


A 64-year-old male presents for evaluation of the 
mandible for immediate implant restoration. His 
chief complaint is pain in the mandible. The patient 
has had three full mouth rehabilitations in the past 
40 years. Examination of the oral cavity reveals 
a full mouth of crowns and bridges. Unsplinted 
crowns are present on teeth numbers 18, 19, 20, 
21, 28, 29, 30, and 31. A fixed bridge is present on 
teeth numbers 22-27. 

The patient is medically compromised, having 
had a myocardial infarction in the past five years. 
He is being treated for atrial fibrillation. Among his 
many medications is Coumadin. 

Periapical radiographs reveal extensive decay 
and bone loss throughout the mandible. Apical in- 
fections on teeth numbers 21 and 28 are evident. 
Teeth numbers 19, 26, and 30 demonstrate bone 
loss to their apices, compounded by failing en- 


dodontics. Caries is noted on teeth numbers 20, 
22, and 27 (Figure 12.37). 

The patient returned two weeks later with 
acute infections on teeth numbers 19, 21, 28, and 
30. He was placed on a regimen of antibiotics. The 
teeth were extracted after Coumadin was stopped 
for three days (Figures 12.38a-b). 

After a prosthetic workup, it was determined 
that the remaining mandibular teeth were hopeless 
except for numbers 18 and 31, which had a guarded 
prognosis. The treatment plan had to take into 
account the patient’s extensive dental and medi- 
cal history, including the risk involved in stopping 
blood thinners for each surgery. It was determined 
that immediate load implant therapy would be ideal 
for this patient. The treatment plan called for the 
placement of 6-8 implants, to be installed in the 
positions of teeth numbers 19, 21, 22, 23, 26, 27, 
28, and 30. 

Before surgery, a wax-up of final tooth po- 
sitions would be established. From this wax-up 
a surgical template and provisional fixed restora- 
tion would be fabricated. Teeth numbers 18 and 
31 would remain during implant placement, to sta- 
bilize the surgical template and maintain vertical 
dimension. The template would have the buccal 
halves of the teeth removed and a 2-mm verti- 
cal groove placed to guide the twist drill, in order 
to parallel the implants. After implant placement, 
solid abutments would be attached with hand 
torque. The cement-retained provisional restora- 
tion would be fabricated. The molars would then 
be extracted. Following 12 weeks of healing, the 
provisional restoration would be removed, and 
the final prosthesis would be constructed (Figures 
12.39a-b). 


Figure 12.34 (a-d) The indirect technique for a cement-retained provisional bridge: A master cast of the indexed implants; 
a magnified view of the indexed implant; abutments are paralleled and a jig is fabricated. 


Figure 12.36 (a—b) The provisional bridge is placed over the abutments. 
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Figure 12.37 Radiographs of a 65-year-old patient at presentation, and 12 weeks later. 


Figure 12.39 (a—b) A template of the waxed-up case is made to sit on the molars, with the buccal removed and a groove 
included for bur placement. 


Figure 12.40 (a—b) Views of immediate implant placement 
in extraction sites, and radiographs taken immediately after 
placement. 


On the day of surgery, the patient was pre- 
medicated with antibiotics. The patient was draped 
and the implant surgery commenced. The mucope- 
riosteal tissues of the mandible were infiltrated 
with local anesthesia. Teeth numbers 20, 22, 23, 
26, 27, and 29 were extracted. The template was 
checked for stability in the mouth, new sharp burs 
were utilized during the procedure, in order to re- 
duce chatter during site preparation. The anterior 
implant positions were prepared first, enabling eas- 
ier parallel placement of the posterior implants on 
each side. Once the implants had been installed, 
any hard or soft tissues which impinged upon 
the placement of the temporary cylinders were re- 
moved. The temporary cylinders were attached and 
the flaps were loosely sutured (Figures 12.40a-b). 

Fabrication of the provisional restoration 
commenced. The shell was placed over the tem- 
porary cylinders at the proper vertical dimension 
and was affixed to them with acrylic. The shell 
was removed, additional acrylic was added and the 
bridge properly contoured with appropriate emer- 
gence profiles and interproximal embrasures. It 
was returned to the mouth and the occlusion was 
verified. The provisional restoration was then pol- 
ished. The molars were extracted and the bridge 
was cemented. Care was taken to remove all ex- 
cess cement. The patient was prescribed an antibi- 
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otic and analgesic. Postoperative care included a 
soft diet for four weeks and oral hygiene beginning 
at one week postoperatively (Figures 12.4la-c). 

The patient returned for suture removal at 7- 
14 days. The occlusion was checked over the next 
2 weeks. The bridge was removed at 6 weeks to 
assess implant integration. There was no cement 
washout at any site and no implant movement 
or symptoms. At 12 weeks, the bridge was re- 
moved. The implants were checked for integration 
by torqueing the abutments clockwise and coun- 
terclockwise to 35 Ncm, and taking periapical ra- 
diographs (Figures 12.42a-b). 

The patient now commenced with fabrica- 
tion of the final prostheses. The prostheses were 
constructed in sections: two posterior segments 
and an anterior segment (Figures 12.43a-b, 12.44, 
12.45a-b, and 12.46). 


Clinical Example Two: Maxilla 


A 57-year-old female presented for evaluation of 
her maxilla for implant reconstruction. She was un- 
happy with her esthetics and was aware of flaring 
of her incisors and gingival recession. The patient 
had been receiving routine dental care on a regu- 
lar basis. Her past medical history was noncontrib- 
utory and offered no obstacles to dental therapy 
(Figures 12.47a-d). 

A full series of parallel periapical radiographs 
revealed a hopeless maxillary dentition (Figure 
12.48). Teeth numbers 3, 4, 5, 6, 7, 8, 12, 14, 
and 15 had a poor prognosis. Teeth numbers 9, 
10, 11, and 13 had a guarded prognosis. How- 
ever, their longevity was questionable. It was de- 
termined that the patient required a full arch im- 
plant supported prosthesis to meet her functional 
and esthetic needs. 

The patient was referred to the radiologist for 
a CAT scan. Evaluation of the CAT scan will per- 
mit selection of six implant sites. Two posterior and 
one anterior site must be found on each side of the 
arch. Assessment of the posterior maxilla revealed 
that an insufficient volume of bone was present at 
all molar positions. The four bicuspid sites were 
selected as potential implant sites, since at least 8 
mm of apical bone height was available in these ar- 
eas. The lateral incisor extraction sockets presented 
as ideal anterior locations, as sufficient bone vol- 
ume was present for apical implant fixation (Fig- 
ures 12.49a-b). Density measurements exceeded 
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Figure 12.41 (a—c) Immediate fabrication of a cement-retained provisional over burn-out copings has been carried out; note 


the proper gingival contours. 


minimum values at all sites, thereby permitting 
immediate implant loading (Figures 12.50a-c and 
12.51). The three-dimensional views corroborated 
the treatment plan for a screw-retained provisional 
restoration, as the implants at positions 7 and 10 
could be placed in palatal bone, with the screw- 
access holes emerging from the cingula. The bicus- 
pid implants could be secured in the sockets 


with angulations which would emerge through the 
central fossae (Figures 12.52a-b). 

The restorative dentist mounted the casts and 
waxed the teeth in the ideal esthetic and func- 
tional positions (Figures 12.53a-c and 12.56a-c). 
This wax-up was shown to the patient. Once it 
was acceptable, templates were fabricated (Figures 
12.54a-b). 


Figure 12.42 (a—b) Removal of the bridge at 12 weeks; there is no cement washout and the healed tissues are evident. 


Figure 12.43 (a-b) Occlusal views of solid abutments and final case in three pieces: 19-21, 22-27, 28-30. 


Figure 12.44 A facial view of the final case. Figure 12.46 Radiographs taken at five years post therapy. 


Figure 12.45 (a—b) A radiograph comparison of implants 
at placement and two years later. 
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Figure 12.47 (a-d) Presentation views of a 57-year-old female. 


Following template fabrication, the patient utilized for proper implant positioning (Figures 
was ready for surgery. The preoperative protocols 12.55a-d). Once the implants were installed, the 
outlined above were followed. The teeth were ex- implant shoulders were checked to ensure that no 
tracted with as little trauma as possible, and im- hard or soft tissues prevented seating of the im- 
plant placement commenced. The templates were pression or temporary cylinders. A bone profiler 
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Figure 12.48 Full mouth periapical radiographs were taken at presentation. 


mplan Properties 


Figure 12.51 Oblique views of six selected sites: 4, 5, 7, 
10, 12, 13. 


Figure 12.49 (a-b) Axial and panoramic views taken from 
the CT, with implant placement. 
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Figure 12.50 (a-c) Periapical views of the maxillary right bicuspids, and oblique CT views of 4 and 5, with density 
measurements. 
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Figure 12.52 (a—b) Three-dimensional views of the maxilla and implants, with and without bone. 


Figure 12.53 (a-c) A view of models showing cut-down of the teeth and a wax-up with the widened gingival third. 
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Figure 12.54 (a—b) Views of the waxed-up maxilla and the templates; clear stent and a buccally reduced templates. 


Figure 12.55 (a—d) Extraction of all maxillary teeth has been carried out; 3.5-mm indicators are placed at positions 7 and 
10; a view of the template demonstrating proper implant positions; implants without the template. 
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Figure 12.56 (a-c) Implants are in the sockets, with scalloped bone; a view of placement of the guide device; bone profiling 


is carried out to reduce impingement of the interproximal bone. 


was used to remove any excess hard tissues (Fig- 
ures 12.56a-c) which were present. 

A bite registration was taken. Solid abutments 
were loosely screwed into the implants. A template 
which either sits on the remaining teeth, or has a 
positive seat on the palate, is used to help take 
a stable bite using a fast setting material (Figures 
12.57a-d). 

The impression cylinders were attached to the 
implants, with care being taken to ensure they were 
fully seated. The open tray was tried in and the 
impression was taken with a medium- to heavy- 
bodied impression material. After the impression 
was removed, it was checked to be sure that no 
impression cylinders moved in the impression (Fig- 
ures 12.58a-c). Long healing covers, lubricated 
with petroleum jelly or Neosporin ointment, were 
screwed into the implants 

The master cast was poured and mounted. 
Screw-retained temporary cylinders were attached 


to the master cast and the provisional restoration 
was fabricated (Figures 12.59a-c and 12.60a-d). 

The provisional restoration was delivered to 
the patient in 24-48 h. The healing covers were re- 
moved and the provisional restoration was placed. 
The retaining screws were hand tightened (Fig- 
ures 12.61a-c) and the occlusion was checked. Ra- 
diographs were taken to verify restoration seating 
(Figure 12.62). The patient was instructed in post- 
operative care, including a soft diet and use of a 
nightguard. Healing was followed for 12 weeks 
(Figures 12.63a-b). 

When the bridge was removed 12 weeks post- 
operatively, completed soft and hard tissue healing 
was evident (Figures 12.64a-b). The implants were 
torqued to 35 Nem in both clockwise and counter- 
clockwise rotations, to validate osseointegration. 
Radiographs were taken and the patient returned 
to the restorative dentist for fabrication of the final 
prosthesis. 


Figure 12.57 (a-d) Views of the bite registration; solid abutments in place to help stabilize the registration; the template with 
an occlusal stop; registration material injected; the registration removed; the cast with solid abutments ready to be mounted. 


P 


Figure 12.58 (a-c) Views of an open tray impression; cylinders in place, the tray fitted over the impression cylinders; the 
impression. 
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Figure 12.60 (a—d) Temporary cylinders are in place on the master cast; the provisional bridge is fitted over the cylinders; 
occlusal and tissue views of the fabricated provisional bridge. 
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Figure 12.61 (a-c) The provisional bridge is placed 24-h postimplant insertion: buccal and occlusal views. 
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Figure 12.62 A radiograph is taken 24-h postsurgery to verify seating of the provisional bridge. 


Figure 12.63 (a-b) A view of the four-week healing around the provisional bridge. 
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Figure 12.64 (a-b) Views of the implants at placement; the healed tissue at 12 weeks. 


As a cement-retained final prosthesis was 
planned, solid abutments were selected and 
the prosthesis was fabricated (Figures 12.65a-d, 
12.66a-d, and 12.67a-d). 


Clinical Example Three: Full Mouth 
Restoration 


A 65-year-old healthy female presented for implant 
evaluation. The patient had had many negative 
dental office experiences and was a dental phobic. 
She was therefore reluctant to treat her esthetic and 
functional problems. The patient had no medical 
condition which would limit her treatment. 

Examination of the patient’s oral cavity re- 
vealed hopeless maxillary and mandibular denti- 
tions due to extensive bone loss. An arch size 
discrepancy, with significant maxillary resorption, 
was evident (Figures 12.68a-d). The patient was 
referred for maxillary and mandibular CAT scans. 
Before a prosthetic determination was made, the 
scans would confirm whether or not a sufficient 
volume of bone of adequate density was available 
for implant placement. 

The mandibular CAT scan was evaluated for 
implant placement. Sufficient volume of bone was 
present between the mental foramina for implant 
placement. The mandibular canal was identified 
and outlined. From examination of the oblique CAT 
scan slices, it was established that 10 mm of bone 
was present superior to the inferior alveolar canal. 
Six sites were selected for implant installation; one 
implant placed above the canal, either at the first 


molar or second bicuspid position; one implant at 
the first bicuspid site and one implant in the lateral 
incisor region on each side. The cuspid site was not 
considered because of the volume of the socket (di- 
ameter and depth). In addition, the retained cuspid 
would be helpful with implant placement and bite 
registration (Figures 12.69a-b). 

The maxilla displayed significant resorption 
in a palatal direction. However, 8 mm of bone 
could be found at six sites between teeth numbers 4 
and 13. Bone density in these areas exceeded min- 
imum values. The three-dimensional view demon- 
strated the inclination of the implants. This in- 
formation was discussed with the prosthodontist 
(Figures 12.70a-b and 12.71a-b). 

The patient had a significant gag reflex, mak- 
ing accurate record taking difficult. It was impos- 
sible to take preliminary impressions without IV 
sedation. After consultation with the prosthodon- 
tist, surgeon, and patient, it was decided that the 
most predictable and expedient therapy would be 
most prudent for the patient. This meant that each 
arch would be treated in an immediate load man- 
ner. The treatment plan involved placing the pa- 
tient under IV sedation. At that time, all mandibu- 
lar teeth would be extracted except the cuspids, 
which would aid in implant placement and tak- 
ing of a bite registration. The implants would be 
installed, and a bite would be taken using the 
cuspids as vertical stops. The cuspids would then 
be extracted. An open tray impression of the im- 
plants would be taken, healing covers placed and 
a maxillary impression taken. The impressions and 
bite registration would be sent to the laboratory, 
where a screw-retained mandibular provisional 


Figure 12.65 (a—d) Views of abutments placed on integrated implants at 12 weeks. The bridge to be fabricated in three 
sections. 


Figure 12.66 (a-d) The final restoration is in three pieces: buccal, occlusal, and lateral views. 
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Figure 12.67 (a-d) Before and after: full face and closeup views. 


Figure 12.68 (a-d) A 65-year-old healthy female at presentation: full face, closeup, and occlusal views. 
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Figure 12.69 (a—b) A panorex view from a CT, with the canal outlined and implant positions determined; a three-dimensional 
occlusal view with the implants in place. 


Figure 12.71 (a—b) Three-dimensional views of the maxilla demonstrate the divergence of the implants between the right 
and left sides. 
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Figure 12.72 (a-b) Placement of mandibular implants has been carried out, with retention of teeth numbers 22 and 27 to 
aid in implant placement and bite registration; healing covers are placed after a bite registration and impression are taken. 


restoration would be fabricated against a waxed- 
up maxilla, based upon the mounting. A template 
for the maxillary implants would then be fabricated 
for proper implant positioning for a screw-retained 
case, which would occur after the mandibular pro- 
visional restoration was in place. 

Treatment proceeded as planned. The 
mandible was treated first. The retention of the 
cuspids during surgery aided in implant alignment 
and bite registration (Figures 12.72a—-b). The provi- 
sional restoration was inserted 24 h postoperatively 
(Figures 12.73a-b and 12.74a-b). The impression 
of the upper arch taken during the mandibular 
surgery permitted fabrication of the appropriate 
template. Maxillary implants were installed with 
the aid of the stent, which was also used to take 
the bite registration (Figures 12.75a-d). The pro- 
visional restoration was inserted 24 h postimplant 


insertion (Figures 12.76a-d). Minimal occlusal ad- 
justment was required. The patient healed without 
untoward sequelae (Figure 12.77). 

At 12 weeks after maxillary surgery, the provi- 
sional restorations were removed (Figures 12.78a- 
b). The implants were torqued, tested to 35 Ncm 
in both clockwise and counterclockwise directions, 
and radiographs were taken. All 12 implants had 
integrated. The final prostheses were constructed 
as segmental units (Figures 12.79a-d, 12.80a-d, 
12.8la-c, 12.82a-d, and 12.83). 


COMPLICATIONS 


Complications are minimized by following the de- 
scribed protocols. However, complications do still 
occur. Implant loss due to micromotion is the most 


Figure 12.73 (a—b) Twenty-four hours postoperative, healing covers are removed to effect provisional bridge placement. 
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Figure 12.74 (a-b) The mandibular provisional bridge is placed. 


Figure 12.75 (a—d) Views of the maxillary template; solid abutments for bite registration; healing covers. 
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Figure 12.76 (a-d) Delivery of the maxillary provisional bridge at 24 h: healing cover removal; bridge delivery; the patient's 
smile. 


Figure 12.77 A panorex taken during implant healing. 
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Figure 12.79 (a-d) The final restorations in each arch are in three pieces: anterior and two posterior sections. 


Figure 12.81 (a-c) The smile of the final case. 
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Figure 12.82 Before and after: full face and closeup views. 


Figure 12.83 A panorex of the final case. 
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Figure 12.84 A fractured bridge due to lack of patient com- 
pliance in avoiding hard food before implant integration has 
occurred. 


common untoward occurrence. Most often, such 
movement is due to lack of restoration passivity 
and/or patient compliance. If care is not taken 
to fabricate a passive provisional restoration, im- 
plants will become mobile. The restoration should 
remain in place for six weeks before it is removed 
and the implants are checked. The patient should 
be examined either weekly or biweekly during the 
first month to ensure that cement does not washout 
or screws do not loosen. Such occurrences are signs 
of an improperly fitting prosthesis, which could 
lead to micromotion and implant loss. 

Before the implants are placed, patients are 
instructed regarding diet and care after immediate 
implant loading. They are told to follow a soft diet 
for four weeks and are cautioned that one bite into 
a hard substance could jeopardize the final result 
and cause implant loss (Figure 12.84.) If the pa- 
tient evidences parafunctional habits, nightguards 
are fabricated. 

Since the largest size implant is never used, if 
an implant is lost, it can be replaced with a wider or 
longer implant. The restoration may then be rein- 
serted. Six weeks of healing is then necessary. This 
delay does not impact the timing of the final pros- 
thesis insertion, as 12 weeks of integration is gen- 
erally needed for soft tissue maturation with imme- 
diate implant placement and loading. 

If multiple implants are lost it may not be 
possible to use the transitional fixed prosthesis. In 
such a situation, a denture must be fabricated. This 
sequella is usually due to improper treatment plan- 
ning. For example, in the case of a Class 3 occlu- 
sion, immediately loading a full maxilla leaves only 


Figure 12.85 Implants have been placed in a patient with 
a Class 3 occlusion. 


the anterior implants in function and unable to tol- 
erate the occlusal load (Figures 12.85-12.90). 


Conclusions 


This technique has been successfully employed in 
over 200 arches. Cumulative implant success rates 
exceed 97% in the mandible and 92% in the max- 
illa. The outlined immediate load protocol permits 
patients who are losing their dentitions to be transi- 
tioned into implants and remain in fixed dentitions, 
while not having to undergo multiple surgeries and 
provisional restorations. 

The major cause of implant failure is micro- 
motion during healing. This micromotion is created 
by patients eating a hard diet during the first four to 


Figure 12.86 The immediate provisional bridge has been 
placed with only anterior contact. 
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Figure 12.87 A view of the fractured bridge at four weeks. Figure 12.89 Loss of all implants at four weeks has oc- 
curred. 


Figure 12.88 An occlusal view of the fractured bridge at four weeks. 


Figure 12.90 A rescue denture was fabricated for the patient to use, while new implants healed. 
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six weeks after implant placement, or is due to 
an improperly fitted provisional restoration. Full 
arch immediate implant loading, with cross-arch 
splinting, eliminates this concern. 

Extensive presurgical planning is vital to en- 
sure a successful treatment outcome. If an implant 
or even two implants fail to integrate, they may be 
replaced while the patient continues to wear the 
provisional restoration. 

The utilization of two surgical templates of- 
fers the convenience of being able to prepare os- 
teotomy sites while visualizing the bur with the 
buccal half of the template cut away. Templates 
with sleeves offer the benefit of a fixed position 
for the bur. This approach works well with a fully 
edentulous arch. However, in patients who are los- 
ing multiple teeth, sites may be lost after extrac- 
tion due to fracture of buccal and/or interproximal 
bone. If this occurs, a fixed template with sleeves 
would be rendered useless. 

Utilizing a prefabricated shell from an articu- 
lated waxed-up cast provides many treatment op- 
tions. If implant position or angulation change from 
the initial plan, the shell may still be employed. 
Increases or decreases in pontic sizes are easy 
to accommodate. In a prefabricated provisional 
restoration, these adaptations are more difficult to 
achieve, if not impossible. 

A predictable protocol has been developed to 
transform an arch of hopeless teeth into a fixed im- 
plant prosthesis utilizing immediately placed, im- 
mediately loaded implants (Tables 12.4 and 12.5). 


Table 12.4 Criteria for screw versus cement-retained 
provisional restorations. 


e Method of choice is always screw retained—less 
traumatic and more accurate 
o Inability to get implants and/or abutments 
parallel—must screw retain 
o Discrepancy in heights of implant shoulders—screw 
retain 
o Discrepancy in heights of buccal and lingual 
tissues—screw retain 
o Ability to atraumatically remove bridge during 
healing—screw retain 
e Dentist comfortable with fabricating cementable 
prosthesis—cementable prosthesis 


Table 12.5 Criteria for indirect versus direct prosthesis. 


e Immediate delivery of prosthesis a must—direct 
e Accuracy—indirect 
e Atraumatic—indirect 
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Maxillary edentulism can be for most people a de- 
bilitating disorder. The loss of one’s upper teeth 
not only compromises the ability of the person 
to function adequately and comfortably, but also 
has ongoing negative effects on facial appearance. 
Diet is invariably compromised, with effects on the 
general health. Self-esteem is diminished, and the 
quality of life is reduced. 

Conventional removable full upper dentures 
have improved over time and may provide an ade- 
quate, but not entirely satisfactory, replacement for 
missing teeth and associated hard and soft tissues. 
With the introduction and scientific establishment 


of the biologic response of a functional anklyosis 
to titanium implants when placed into the human 
jawbones, many patients now have a treatment al- 
ternative to the conventional denture. 

However, it is salient to bear in mind: “Pa- 
tient’s don’t want implants... they want teeth” 
(attributed to Prof Graham White, Sheffield, UK). 
Dental implants only provide a fixation mechanism 
to allow a tooth or set of teeth to be anchored in 
the jaw. Whilst dental implants have offered an 
expanded range of treatment options to partially 
and fully edentulous patients, the technique and 
required procedures have increased the necessary 
diagnostic, planning, and technical skills of dental 
practitioners. 

For patients who are managed with a compre- 
hensive, careful, and if necessary, interdisciplinary 
approach to treatment, the outcomes can be ex- 
tremely rewarding—some say “life changing” (Fig- 
ures 13.1a-d). We must seek to avoid, for a range of 
reasons, some patients feeling that they were better 
served with their previous conventional removable 
appliance. 

There are essentially two options when con- 
sidering the use of dental implants for the re- 
habilitation of the edentulous maxillary jaw: The 
fixed implant-retained prostheses; alternatively, an 
implant retained/supported removable prostheses. 
These are further subclassified in Table 13.1. 

Each category, with either subclassification, 
can be considered to have both advantages and 
disadvantages, which should be considered and 
evaluated for each patient (Table 13.2). Following 
the appropriate clinical, radiological, and diagnos- 
tic data being collected and analyzed, a decision as 
to the most beneficial therapeutic plan should be 
made in consultation with the patient. 


Initial Diagnostic Criteria for 
Treatment Selection 


In determining the appropriate management of a 
patient, several key diagnostic criteria must be 
identified and evaluated. There are factors that per- 
tain to the patient—their presenting condition and 
health; as well as operator factors. Management 
of a patient involves the interaction of the sub- 
sets of diagnosis, treatment, and maintenance; the 
outcome of each being determined by the skill, ex- 
perience, and critical analysis of the operator or 
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team of operators when management is interdisci- 
plinary. It is essential that management, not simply 
treatment, be undertaken to achieve the best out- 
come for the patient. 

As such, there are key patient and opera- 
tor factors that must be identified and evaluated 
in consideration of the rehabilitation of the eden- 
tulous (or soon to be edentulous) maxillary jaw. 
These can be considered as risk factors in case se- 
lection. 


PATIENT RISK FACTORS: GENERAL 


Presenting Condition 

It is imperative to determine what the patients 
themselves believe to be the reasons they seek your 
advice. For patients who have previously been ren- 
dered edentulous in the maxilla and have had con- 
tinued dissatisfaction through a series of conven- 
tional full upper dentures, it may be clear as to what 
they seek. Alternatively, a patient with periodon- 
tally compromised maxillary teeth may not have 
yet psychologically reached a position to accept 
loss of his or her natural teeth; but coincidentally 
desires a more pleasing appearance or improved 
function. 

A patient’s presentation, in words of their 
choosing, reveals much in so far as the operator’s 
further direction for inquiry. Initially, the opera- 
tor should ascertain the patient’s concept of their 
problem and what understanding they have of their 
likely management requirements. Questions to gar- 
ner information on the history of the patient’s eden- 
tulism, the success of past and current prostheses, 
and any previous treatments performed in an at- 
tempt to address the presenting complaint, are im- 
portant and often enlightening. 

When a patient is unclear of what problems 
exist, cannot articulate what they want or are un- 
aware of the implications of previously suggested 
plans of management, a measured, stepwise pro- 
cess is judicious in reaching and presenting a con- 
sidered management plan. 


Medical History 

A thorough medical history is essential prior to 
any examination or invasive procedures being un- 
dertaken. It is outside the scope of this chapter 
to provide detailed analysis of the implications of 
various medical conditions and prescribed or non- 
prescribed medications that may affect the dental 


366 Rehabilitation of the Edentulous Maxillary Jaw 


Figure 13.1 (a—c) Preoperative views of the appearance and failing dentition in a 55-year-old female. (d) Facial view following 
oral rehabilitation involving replacement of all remaining maxillary teeth with implant-retained fixed dental prostheses, and 
partial replacement of the diseased mandibular teeth. 


Table 13.1 Options for rehabilitation of the edentulous 
maxilla. 


Implant-retained fixed prosthesis 
Type 1: Congruent implant-tooth prostheses 
Type 2: Noncongruent implant-tooth prostheses 


Implant retained/supported removable prosthesis 
Single-implant retention 
Splinted-implant retention via a bar 


management of a patient. For the patient under 
evaluation for dental implant therapy, it is essential 
that the patient be healthy. Absolute contraindica- 
tions include: acute myocardial infarction (within 
the prior six months), acute cerebral vascular acci- 
dent, and immunosuppression. They are required 
to be free of any uncontrolled systemic disease or 
acute infections and not currently requiring cyto- 
toxic medications. Other medications directed at 
the management of circulatory or endocrine dis- 
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orders or disturbances should be carefully investi- 
gated. 

Medications for the management of psycho- 
logical and psychiatric conditions should signal a 
deeper consideration of the patient’s medical con- 
dition. Mental illness, particularly when not well 
controlled, may impair the patient’s ability to cope 
with what is invariably a demanding plan of man- 
agement, or to harbor unrealistic expectations of 
the outcomes of the treatment. 


Patient Age 

Within our current understanding there is no con- 
traindication to the use of dental implants for the 
restoration of a patient’s maxillary dentition on the 
basis of advanced age alone. Many patients have 
more complex medical histories simply as a conse- 
quence of their advancing years. Patients who have 
been edentulous in the maxilla and worn conven- 
tional full dentures since their youth often present 
with advanced resorption of the maxillary alveolar 
bone, which in itself may significantly complicate 
their management. 


Table 13.2 Fixed versus removable prostheses—advantages and disadvantages. 


Maxillary fixed implant prostheses 


Maxillary removable implant prostheses 


Advantages 

e Patient’s sense of “natural” teeth 

e Improved intraoral sense without palatal mucosal 
coverage 

e Improved function 

e No mucosal loading 

e Established high survival rates 


Disadvantages 


e May not adequately reconstitute the ideal of the 
maxillary alveolar arch form with the prosthesis 

e Patient’s home care more complicated 

e More complex surgical and technical demands 
required 

e Esthetic outcome may not meet patient’s expectation 

e Potentially more complicated maintenance and repair 


Advantages 


Can restore lost ridge form 

Allows greater variance in tooth position 

Allows for greater lip and facial support in the prosthesis 
Generally, patient’s home care less complex 

Potentially easier maintenance 

May benefit elderly patients who require living 
assistance 

Often less implants required 

Function improved 

Potentially reduced mucosal loading 


Disadvantages 
e Must have sufficient inter-arch space to allow the 


incorporation of required retentive elements whilst 
providing for sufficient strength in the removable 
prosthesis 


e The patients replacement dentition remains removable 
e Anticipated higher maintenance requirements 
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The necessary posttreatment maintenance 
may influence the type of therapy in the man- 
agement of an elderly patient. The design of an 
implant-retained prosthesis to facilitate ease of pa- 
tient oral home care and simpler correction of any 
technical complications, assumes greater impor- 
tance in older patients. 


Reason for Tooth Loss—Susceptibility to 
Periodontal Disease 

Patients may loose their natural dentitions over 
short or extended time intervals, segmentally or 
wholly; in a single event, as a consequence of oral 
disease or trauma. As discussed elsewhere, the 
physiologic bone resorption and remodeling that 
occurs following tooth loss can vary greatly in its 
effect on the shape of the edentulous maxilla. 


Areas which have been edentulous for greater 
periods of time can be anticipated to have in- 
creased resorptive bone remodeling. Esthetic con- 
siderations in planning the maxillary implant reha- 
bilitation will be influenced by advanced areas of 
bone resorption in the edentulous anterior maxilla, 
when compared to the posterior ridge. 

Advanced periodontal destruction associated 
with the remaining teeth in the maxilla will re- 
sult in a significant reduction of available bone 
in the jaw following tooth loss (Figures 13.2a- 
d). There is also evidence that patients who show 
a high susceptibility to periodontal disease, par- 
ticularly when combined with chronic and heavy 
cigarette smoking, are at increased risk of bio- 
logical complications, including early loss of the 
dental implant, when undertaking dental implant 
therapy. 


Figure 13.2 (a—c) Preoperative intraoral views of an edentulous maxillary jaw (except for a single premolar and multiple 
missing and compromised teeth in the lower jaw) in a 36-year-old male with a history of a chronic heavy cigarette smoking 
habit and who shows a high susceptibility to periodontal disease. (d) A Panorex film of the same patient. 


Patient’s Expectation of 
Treatment—Esthetics 
Versus Function 


To achieve a successful outcome the expectation of 
the patient must be achieved. It is the role of the op- 
erator to inform and educate the patient during the 
diagnostic and planning phases as to realistic ex- 
pectations of the outcomes of the procedures to be 
undertaken. We should rely on published evidence 
when comparing therapeutic options and inform- 
ing patients as to the risks and possible complica- 
tions associated with each and any of the therapies 
being considered. 

A greater challenge exists in developing a 
realistic expectation of the esthetic outcomes of 
the treatment. Patient expectations are often fash- 
ioned by many factors outside the control or 
influence of the operator. Each patient’s clini- 
cal presentation varies from that of another pa- 
tient requiring consideration of implant therapy in 
the maxillary jaw. Patients also rarely understand 
the consequences of the physiological changes the 
maxillary jaw has undergone as a result of tooth 
loss, and the effects such changes have on the op- 
erator’s ability to provide restitution of normal hard 
and soft tissue architectures. It is imperative that 
the operator understands the expectations the pa- 
tient harbors. 

Of equal importance is the operator’s ability 
to understand the parameters of the therapy be- 
ing considered as a consequence of the limitations 
of the biological aspects, prosthetic materials, and 
the operator’s own skill and competence. In an 
interdisciplinary approach to a patient’s manage- 
ment, each operator (including the technical staff 
involved) must understand and work within their 
skill level or competence. 

The operator responsible for the prosthe- 
sis must accept the ultimate responsibility for 
the planning and outcome, as it is not implants 
but teeth the patient desires. This is the per- 
son who must invest time in understanding the 
patient’s expectations and determining whether 
these expectations are realistic biologically and 
esthetically, and within the skill of the opera- 
tors and the interdisciplinary team. This is also 
the person who will be required to undertake 
required maintenance and attend to technical 
complications. 
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PATIENT RISK FACTORS: SPECIFIC 


Facial—Extraoral Analysis 

Lip Lines 
e Incisal display 
e Upper lip/alveolar mucosal junction 
e Activity of the upper and lower lips 


The upper and lower lips frame the teeth when 
we speak and smile, and thus exert a powerful 
influence on our appearance. The teeth complete 
the effect as the lips spring to action through the 
activity of the facial musculature—particularly the 
muscularis obicularis oris, revealing a healthy, bal- 
anced, and attractive compliment of anterior teeth. 
An irregular, interrupted series of projections are 
uncomplimentary to the face and general appear- 
ance. The greater the amount of the teeth that are 
exposed by the lips, the more challenging tooth re- 
placement becomes when considering an implant- 
retained prosthesis. 

Careful assessment of the extent of dental dis- 
play commences during the consultation discus- 
sion with the patient. The parameters of lip activity 
can be assessed from the “rest” position through to 
the display when the patient enunciates the letter 
“e.” As teeth are lost and ridge resorption ensues, 
tooth replacement positions may have to be altered. 
Additionally, as a person ages, the activity of the 
circular oral musculature reduces and tends to re- 
sult in a reduced display of the maxillary anterior 
teeth and an increased display of their antagonists. 

Emphasis must be given to the position of the 
most inferior border of the alveolar mucosa overly- 
ing the anterior maxillary ridge. In patients where 
this border is beneath the upper lip when fully ele- 
vated, the options for implant-retained prostheses 
increase and the esthetic risk factors reduce. Con- 
versely, the visual display of the mucosa from un- 
der the upper lip demands that the interface of the 
prosthesis and the soft tissue becomes part of the 
esthetic challenge. 

When there is an existing prosthesis in place, 
an assessment needs to be made of its adequacy 
with respect to the patient’s perception of their ap- 
pearance, and the technical quality of the appli- 
ance. The contribution to the lip and midfacial sup- 
port from the existing denture tooth position and 
the volume and extension of the flange can most 
accurately be assessed though a new trial setup, 
excluding the labial and buccal flanges (i.e., a 
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diagnostic prosthesis). This data alone may deter- 
mine whether the patient would be most appropri- 
ately treated with a fixed or removable prosthesis 
(Figures 13.3a-g). 


Facial—Intraoral Analysis 
e Ridge shape (vertical/horizontal/transverse 
dimensions) 
Ridge axis 
Inter-arch distance 
Adequacy of the existing denture 
Condition of the remaining dentition 
Existing levels of periodontal disease and de- 
struction 
e Mandibular dentition 


The intraoral analysis includes a complete assess- 
ment of all soft and hard tissues of the oral cavity. 
Of particular significance is the dimension of the 
maxillary arch: This dimension can be preliminar- 
ily assessed from an inspection of the fitting surface 
of the existing denture with respect to the arch form 
of the attached teeth. The vertical dimension of the 
maxilla will relate to the display from under the up- 
per lip. Any canting of the ridge should be noted. 
The available distance between the maxillary alve- 
olar mucosa and the opposing dentition requires 
assessment and recording. 

The definitive analysis can be more accu- 
rately completed following full data collection and 
the visualization of diagnostic casts when cor- 
rectly mounted at the vertical dimension which is 
appropriate for the definitive restoration (Figures 
13.4a-c). 


Radiographic Analysis 
A routine radiographic screening can be adequately 
undertaken with an accurate orthopantomographic 
film (OPG). Advances now permit high-quality dig- 
ital formatting of these films to provide more highly 
defined and contrasted images of the jaws. Where 
the maxillary jaw under examination is fully eden- 
tulous, an OPG will provide the operator with in- 
formation concerning the position and size of the 
maxillary sinus spaces, the nasal floor, and a rea- 
sonable estimate of the vertical height of the resid- 
ual alveolar ridge. This data, in conjunction with 
accurately mounted diagnostic casts, can provide 
sufficient information for an initial assessment. 

In the case of a partially dentate jaw (where 
the prognosis of the remaining dentition is guarded 


or poor) accurate periapical films, particularly in 
the areas of the remaining teeth, will provide 
greater information and reduce the likelihood of er- 
ror due to image distortion or the “burnout” some- 
times found associated with metallic restorative 
materials in retained teeth. 

In many patients requiring rehabilitation of 
the maxillary dentition, a more detailed radio- 
graphic analysis is indicated. Sectional tomography 
utilizing cone-beam computer-enhanced tomogra- 
phy (CBCT) allows accurate and detailed radio- 
logical images of the facial skeleton. The CBCT 
provides undistorted, accurate cross-sectional, ax- 
ial, coronal, sagittal, and panoramic views allow- 
ing three-dimensional interpretation and measure- 
ment of the jaw. By utilizing this information 
and in conjunction with clinical data, more care- 
ful planning of implant placements is achieved 
(Figures 13.5a-b). 


OPERATOR RISK FACTORS: SPECIFIC 


Diagnostic Classification for 

Treatment Selection 

From the completed diagnostic assessment for den- 
tal implant therapy an operator should be able to 
determine the degree of difficulty associated with 
each aspect of the intended treatment. In the case 
of the restoration of the edentulous maxilla, the 
factors previously discussed will lead the operator 
to a subjective judgment as to whether the pro- 
posed plan is straightforward, advanced or com- 
plex (SAC). The Swiss Society of Oral Implantol- 
ogy adopted this classification system in 1999 and 
more recently the classification has been expanded 
and detailed by the International Team for Implan- 
tology (ITD. 

Significant emphasis must be placed on the 
skill and experience of the members of the team in 
interdisciplinary management. The multiple factors 
to be considered in all planning decisions, and the 
esthetic importance of the outcome, will determine 
that the restoration of the edentulous maxilla must 
be either an advanced or complex undertaking. 


Visualization of Treatment 

Outcome (Goals) 

Ultimately, the operator must present the proposed 
plan of management to the patient as a formal case 


Figure 13.3 (a—c) A preoperative extraoral evaluation of the appearance of the existing fully removable prostheses for a 
46-year-old male. The lips are relaxed in (a), during speech in (b), and smiling in (c). (d) An intraoral view of the existing 
fully removable prostheses. (e) An intraoral view of the maxillary edentulous ridge. (f) The lip position when smiling following 
removal of the prostheses. The lower border of the mucosa of the edentulous maxillary ridge is not seen from the upper 
elevation of the upper lip. This observation allows for consideration of either a Type 1 or Type 2 fixed dental prosthesis as 
the junction between the prosthesis and the alveolar mucosa will not be seen from beneath the lip. (g) Digital OPG of the 
edentulous arches. 
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Figure 13.4 (a—b) Mounting of the casts has been accomplished using a facebow transfer and a semi-adjustable articulator. 
This will most accurately allow for final analysis of the inter-arch distance and permits a final diagnostic setup to be created. 
Consideration is then made of whether an implant overdenture can be considered in the possible treatment options. (c) 
A facial view of the intraoral appearance of the existing upper dental prosthesis in the intercuspal position, with the lower 
natural teeth and adjunctive partial removable partial dental prosthesis. 


= x 
All views are actual size (1:1) 


Figure 13.5 (a) Cone-beam computer-enhanced tomography (CBCT) panographic view with computer-generated sections 
at 1 mm intervals. (b) Details of the tomographic sectional views at 1 mm intervals from the right side of the edentulous 
maxilla. These views provide clear and detailed analysis of the architecture of the jaw-bone with recorded measurements at 
predetermined sections. As the images are at an “actual size,” dimensions are able to be identified for any further section. 


372 


presentation that may include a selection of, 
or all the visual data that had been previously 
collected. 

This diagnostic data can be used as a visual 
aid to assist the patient’s comprehension of the pro- 
posed plan. It is vital to this discussion that the 
operator has established, based on the clinical, ra- 
diological and diagnostic information attained, a 
visualization of the outcomes of the proposed ther- 
apy. In advanced cases, the operator must ensure 
that the patient has a similar expectation of the 
treatment outcomes and understands the proce- 
dures that are involved. 

In complex cases, the operator will be re- 
quired to carefully explain the anticipated out- 
comes of the various stages that by necessity are 
components of complex therapy. Both the oper- 
ator and patient need to appreciate the impor- 
tance of assessing the outcome of each stage of 
therapy prior to finalizing the expectations of the 
final outcome. As an example, where the pa- 
tient requires bony augmentation procedures as a 
component of the rehabilitation of the jaw prior 
to implant placement, an assessment of the out- 
come of this procedure alone forms an impor- 
tant determinate of the likely ultimate treatment 
outcomes. 


ADDITIONAL OPERATOR RISK 
FACTORS 


There are several additional factors that the oper- 
ator must assess for each patient’s therapy. They 
involve a determination of: 


e The sequence of treatment: 

o Sequential extraction and implant placement 
o Sequential implant placement 

Level of clinical “tolerance” in selection and 
surgical placement sites 

Timing of placement (immediate/early/ de- 
layed) 

Type of implants to be used 

Loading protocol (immediate/early/delayed) 
Type and design of definitive prosthesis 
Anticipated maintenance protocols 


Each of these operator factors will be discussed 
with reference to the specific types of prostheses 
later in the chapter. 
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Restorative Options for Dental 
Implant Therapy in the 
Maxillary Jaw 
IMPLANT-RETAINED FIXED 
PROSTHESIS 


Classification 


Type 1: Congruent implant-tooth prostheses 
Type 2: Noncongruent implant-tooth prostheses 


The rehabilitation of the edentulous maxilla utiliz- 
ing dental implants can be undertaken using either 
a fixed or removable prosthesis. Implant-retained 
fixed dental prostheses (I-R FPDs) can be classified 
as screw-retained (retrievable) or cemented (may 
be retrievable). 

I-R FPDs can also be classified with respect 
to the relationship of the prosthesis to the residual 
ridge and the position of the implants supporting 
and retaining the prosthesis. An I-R FPD may be 
designed to allow the prosthetic teeth to exit the 
alveolar mucosa in a similar relationship to that of 
a natural tooth and its supporting periodontium. An 
example is the result attained by a successful single 
implant-retained tooth replacement. As such, each 
dental implant must be placed in a precise posi- 
tion that provides congruence between the position 
of the restorative head of the implant and the pros- 
thetic tooth, with no requirement for prosthetic soft 
tissue augmentation on the prosthesis. This is des- 
ignated as—Type 1: Congruent implant-tooth (I-T) 
prosthesis (Figures 13.6a-c). 

Alternatively, the residual ridge form is often 
reduced in its vertical, horizontal, and transverse 
dimensions as a consequence of the reason for 
the tooth loss combined with normal physiologic 
remodeling following tooth extraction. There no 
longer is, nor can be established, a direct exit of the 
prosthetic teeth, in their correct esthetic and func- 
tional positions, from the alveolar mucosa. There 
will be a need to incorporate prosthetic augmenta- 
tion of the deficient mucosa. The implant position 
is then determined more by the bony anatomy and 
the biomechanical factors that influence stress dis- 
tribution through the prosthesis when under load. 
Greater consideration will be given to the restora- 
tive heads being within the buccopalatal dimension 
of the design of the prosthesis, and less regard to 
the precise tooth position. Such a prosthesis is des- 
ignated as—Type 2: Noncongruent implant-tooth 
(I-T) prosthesis (Figures 13.7a-c). 
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Figure 13.6 (a) A postoperative intraoral view of full maxil- 
lary implant segmental reconstruction for a 52-year-old fe- 
male. (b) a mirror view of a maxillary arch segmental recon- 
struction, demonstrating a Type 1 congruent full-arch reha- 
bilitation. (c) OPG postoperative radiograph demonstrating 
the number and position of the dental implants placed to 
provide simple and segmented prostheses. 


The outcome of the treatment with either a 
Type 1 congruent I-T prosthesis or Type 2 noncon- 
gruent I-T prosthesis will be influenced by several 
factors. The former is indicated when the prosthetic 
teeth can be placed in direct contact with the alveo- 
lar mucosa. In such a case, the dimensional change 
of the edentulous maxilla must be minimal. The 
Type 2 noncongruent I-T prosthesis is indicated 
where the prosthetic tooth position is required to 
be horizontally and/or vertically distant from the 
residual edentulous maxilla. When the therapy is 
carefully planned and precisely undertaken, either 
approach may provide very acceptable and pleas- 
ing outcomes for patients. 


Figure 13.7 (a) Smile appearance at a six-year postoper- 
ative review of a Type 2 noncongruent I-T prosthesis in a 
65-year-old female. (b) Intraoral appearance at a six-year 
postoperative review of a Type 2 noncongruent I-T prosthe- 
sis. (c) The OPG view at the six-year review. 


Implant-Retained Fixed 
Prosthesis—Materials 


Both Type 1 and Type 2 I-T prostheses can be fabri- 
cated using various materials and techniques. For 
Type 1, the most esthetic result is generally ob- 
tained using ceramo-metal technology. However, 
when the design of the prosthesis is a one-piece 


full arch restoration, there may be an inverse rela- 
tionship between the size of the prosthesis and the 
quality of the fit to the implants or their abutments, 
when fabricated using standard techniques. 

This problem can be ameliorated in vari- 
ous ways, including a segmental design, provid- 
ing for smaller segments that are individually con- 
structed and function as individual restorations 
within the full-arch rehabilitation. Additionally, 
larger segments can be constructed in parts and 
either soldered—pre- or postceramic application, 
or joined via an interlinked attachment and luted 
together at the time of insertion of the prosthesis. 
Alternatively, prefabricated collars that form the di- 
rect screw-retained interface between the implants 
and the prosthesis can be luted into the completed 
ceramo-metal reconstruction at the time of inser- 
tion. 

Metal-reinforced/acrylic hybrid prostheses 
may be used in Type 1 reconstructions, but have a 
greater indication in Type 2 prosthesis designs. The 
hybrid prosthesis was the original recommended 
design for fixed implant restorations in both up- 
per and lower arch reconstructions. Technical im- 
provements over time have allowed for improved 
esthetics and treatment outcomes and a reduction 
in technical complications as a consequence of clin- 
ical function. 

The reduced ability to create esthetic excel- 
lence in the individual tooth forms and the neces- 
sity for greater material bulk as a consequence of 
the inferior physical properties of the acrylic, often 
restricts the use of the hybrid prosthesis in Type 1 
designs. With the further refinement of CAD-CAM 
technologies, machined multi-unit metal frame- 
works to be screw-retained directly to the implants 
has improved the available treatment options (Fig- 
ures 13.8a-b). 

Computer-aided framework design and fabri- 
cation provides the potential to overcome many of 
the inaccuracies that are inherent in traditional lost 
wax/casting techniques. More recently, all-ceramic 
(Zirconia) frameworks have been constructed us- 
ing computer-aided technologies. Further analysis 
of longer-term results of these prostheses in func- 
tion will be required prior to their becoming a pre- 
dictable treatment alternative. 


TYPE 1: CONGRUENT I-T PROSTHESIS 


Type 1 prostheses may be successfully utilized 
in patients who are fully edentulous at the time 
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Figure 13.8 (a) An occlusal view of the master cast and 
CAD-CAM (Procera) full maxillary framework (Courtesy of 
Dr G. Burt). (b) An intraoral view of the completed Type 2 
noncongruent prosthesis directly screw-retained (Courtesy 
of Dr G. Burt). 


of presentation, or in those who present with a 
failing partial dentition. The optimal esthetic out- 
come is more likely when the prosthesis is con- 
structed using metal-ceramic technology. The pro- 
cess allows for a single full-arch construction, but 
is more preferable as several individual segments. 
The prosthesis may be screw-retained, cemented or 
combined when a segmental restoration is utilized 
(Figures 13.9a-e). 

The advantages and disadvantages of these 
various options are summarized in Table 13.3. 

Such cases are invariably complex (under the 
SAC classification) and usually require an expe- 
rienced interdisciplinary team. When considering 
a congruent I-T prosthesis, there are several key 
issues that require particular analysis. These are 
summarized in Table 13.4 and then subsequently 
discussed in further detail. 
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Figure 13.9 (a) The smile of patient preoperatively. Note the slight vertical maxillary excess with an increased display of the 
soft tissues, and the irregular number and position of the remaining maxillary dentition. (b) An occlusal view preoperatively. (c) 
The occlusal view at the provisional stage of therapy, demonstrating a segmental approach to the planned Type 1 congruent 
definitive prostheses. (d) A facial view of the definitive custom-fabricated ceramo-metal meso-structures, provide the support 
for the definitive three units FPD being cemented. (e) A facial view of the definitive segmental, porcelain-fused-to-metal 


FPDs. 


Clinical and Radiographic Diagnostic 
Criteria Are More Demanding 


As a consequence of the critical nature of implant 
position, both clinical and radiographic diagnostic 
analyses are more demanding. A complete and ac- 
curate definitive tooth setup must be established 
and verified intraorally. The try-in confirms the re- 
lationships of the necks of the teeth to the alveolar 


mucosa in the areas where the implants are to be 
placed, as well as in the sites where pontics are 
planned. The trial appliance is constructed without 
a labial or buccal flange so as to ascertain any neg- 
ative effect the proposed prosthesis will exert on 
upper lip support. The patient’s existing conven- 
tional full denture provides enhancement to the 
support of the upper lip; the loss of such support, 
if required, may not be acceptable to the patient. 
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Table 13.3 Segmental compared to full-arch congruent I-T prostheses. 


Segmental restorations (ceramo-metal reconstruction) 


Full-arch prostheses (ceramo-metal reconstruction) 


Advantages 

e Greater flexibility for prosthetic design 

e Reduces noncompatible axial alignments of implants 

e Offers several options for the design of the prosthesis 

e Improved access for patient’s home care 

e Reduced technical inaccuracy due to the shorter span 
lengths 

e Allows a staged approach to management where 
indicated 

e Mixed fixation to the implants (screw-retained and 
cemented) possible 

e Technical complications can be managed more easily; 
limited to the affected segment 

e A biological failure (loss of implant) will require 
reconstruction of the affected segment only 


Disadvantages 


e Often implants must be placed adjacent to each other 

e Immediate restoration and loading may require a 
full-arch provisional restoration attached to selected 
implants 

e Possible localized increased implant loading 


Advantages 


e Shared cross-arch loading of all implants in function 
e Rigid design 
e Loss of implant may only require modification of the 


existing prosthesis 


e Immediate restoration and loading possible 


Disadvantages 


e Nonaxial alignment of implants increases complexity 


of design of the definitive restoration 


e Technical complication in any area will require removal 


of the entire prosthesis 


e Addition or repair of ceramic material may affect other 


parts of the prosthesis 


e Increased technical complexity in fabrication 
e Reduced accuracy of fit—may predispose to ceramic 


fracture 


e May complicate or compromise patients home care 
e Does not allow a staged approach to patient 


management 


e Increased clinical maintenance protocol should 


periodic removal of the prosthesis be indicated 


In the partially dentate individual, ideal 
prosthetic design may dictate tooth positions that 
vary from those that the remaining natural teeth 
occupy at the time of the patient’s presentation. 
Initial treatment may necessitate one or more 
extractions prior to verifying the desired ultimate 
prosthetic tooth position. Additionally, where an 
occlusal plane cant exists, or posterior teeth are re- 
quired to be replaced to provide for a change in the 
vertical dimension of occlusion, a staged approach 
is recommended. A Type 2 or delayed approach 


with respect to the timing of implant placement will 
be advantageous in such a case (Figures 13.10a-b). 

Detailed radiographic information will be re- 
quired to more thoroughly investigate each of the 
proposed implant sites prior to determining the 
most desirable sites, and designating the types of 
implants which are most appropriate. CBCT or 
similar computer-assisted images will be required. 
When available, computer-assisted planning soft- 
ware and navigational surgical units may also as- 
sist in ensuring desired implant positioning. 
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Table 13.4 Summary of key issues in Type 1 congruent 
implant-retained fixed prostheses. 


Clinical and radiographic diagnostic criteria more 
demanding 

Precise surgical placement of the implant required 
Accurate surgical positioning guide required 

Need for intermediate prosthetic mucosal replacement 
(ceramic/acrylic) 

Careful design of the prosthesis—segmental 
restorations 

Esthetic considerations of implant supported teeth and 
pontics 

The soft tissue prosthetic interface 

Materials selection—costs and expected esthetic 
outcome 


Implant Position Determination and 
Surgical Placement Are Critical to the 


Final Esthetic Outcome 

The critical issue in the esthetic success of a Type 
1 congruent I-T prosthesis is precise surgical place- 
ment of each of the dental implants. At the time 
of surgery, the surgeon must know and be able to 
visualize the positions of the teeth as they will be 
on the definitive prosthesis. 

The three-dimensional concept of implant 
placement described by Buser (ITI Treatment 
Guide, Vol. 1, 2006, Quintessence Publications) in 
relation to the placement of dental implants in a 
single-tooth site must be adhered to. Where im- 
plants are to be placed adjacent to one another, 
adequate distance must be allowed between the 
restorative heads of the implants to provide for a 
stable inter-implant mucosa to be established and 
maintained. This distance should usually not be 
less than 3 mm, but may vary depending upon the 
type of implants placed. There is limited tolerance, 
particularly in the mesiodistal positioning of the 
implant, as minor deviations from the ideal axial 
position may significantly compromise tooth posi- 
tion or tooth contour in the final prosthesis. This 
is particularly important for implant placement in 
the anterior maxilla. 

The operator responsible for the surgical 
placement of the implants must be a skilled sur- 
geon with advanced experience in implant surgery 
and soft and hard tissue management. 


Figure 13.10 (a) A full facial view of a 56-year-old female 
patient preoperatively. Note the cant of the maxillary teeth 
and deviated midline. (b) An anterior intraoral view. 


The Use of a Surgical Guide (Stent) 


A carefully constructed and accurate surgical guide 
must be used at the time of surgery. The guide 
should provide the precise axial tooth position and 


mucosal margin of the anticipated exit profile of the 
prosthetic tooth. The guide should be designed in 
consultation with the operator who is to undertake 
the surgical component of the patient’s manage- 
ment. As a minimum, the guide should: 


e identify the exact positions and shapes of the 
teeth to be constructed in the definitive con- 
gruent I-T prosthesis 

demonstrate the relationship of the necks of 
the teeth to the overlying mucosa 

identify the palatal or occlusal access holes 
that should align to the restorative heads of 
the implants, or angle correction abutments 
(should these be anticipated) following place- 
ment 

use tooth shapes that are anatomically aligned 
to natural teeth rather than diminutive com- 
mercial denture teeth, particularly in the pos- 
terior sextants of the maxilla 

allow for mucosal flap elevation and retraction 
when in place 

be stable when placed; provision for rigid fix- 
ation in the fully edentulous maxilla is often 
required 

allow full access and visualization of surgical 
instrumentation 

provide directional holes that indicate ideal 
placement positions, and secondary positions 
should these be required (Figures 13.11a-c) 


ADDITIONAL CONSIDERATIONS 


Implant Design—Bone Level or 


Trans-Mucosal 
Commercially available dental implants with doc- 
umented evidence of survival may be of either 
a bone level or trans-mucosal design. From the 
restorative perspective, the design and diameter 
of the restorative interface (head) of the implant 
is of greatest importance in the prosthetic design. 
Biomechanically, long-term stability of the joint be- 
tween the implant and its abutment requires a ta- 
pered internal connection. It appears that improved 
biological stability with resultant reduced bone loss 
may also result from an internal fixation design 
with an abutment-implant interface that demon- 
strates a slightly reduced abutment diameter when 
compared to the head of the implant. 

For Type 1 congruent I-T prostheses, it is 
desirable to have a similar head diameter to the 
restorative tooth size at the various fixation points 
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between the prosthesis and the implants. This aids 
in the creation of biologically acceptable and es- 
thetically pleasing emergence through the mucosa 
of the various prosthetic teeth from their congru- 
ent implants. Thus the type of dental implants to be 
utilized in the various designed sites should be de- 
cided with both restorative and surgical input. The 
restorative operator must consider the implications 
of implant selection for each site, being ultimately 
responsible for the design, construction, and place- 
ment of the definitive prosthesis. The surgeon will 
own the responsibility to choose the most appro- 
priate intraosseous body for the designated bony 
site that provides the preferred restorative head. 
The selection of a bone level design compared to 
a transmucosal design will depend upon several 
factors, and should take into consideration the de- 
sire to provide for simplicity in prosthetic design. 


Timing of Placement 

In the fully edentulous maxilla between six and 
eight dental implants can often be placed coin- 
cidently. The former teeth sites are usually well 
healed, or have been allowed to heal for sufficient 
time following extraction to allow adequate soft 
and hard tissue healing. 

In the partially dentate maxilla a dental im- 
plant may be placed into the tooth socket immedi- 
ately following tooth removal. The implant should 
not be placed at the time of tooth removal if the 
residual ridge morphology precludes attainment of 
primary stability of an appropriately sized implant 
in the desired restorative position. 

In patients who have high esthetic expecta- 
tions procedures that reduce risk are preferred. 
Therefore, immediate placement in sockets of mis- 
aligned or malpositioned teeth is contraindicated 
when the desired outcome is a congruent I-T pros- 
thesis. 


Staged Treatment 

The partially dentate maxilla may be managed 
through a staged approach to the complete replace- 
ment of the missing and existing natural teeth when 
using a Type 1 congruent I-T prosthesis. Following 
the necessary diagnostic and planning phases and 
appropriate periodontal therapy for the remaining 
teeth, staged surgical placement of implants can be 
undertaken. A segmental restorative plan allows 
for various stages of the maxillary rehabilitation 
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Figure 13.11 (a) Prepared surgical guide (stent) for placement of multiple implants in the maxilla to provide for a Type 1 
congruent FPD. (b) Surgical guide in situ prior to flap elevation. (c) Occlusal view of flap elevation and implant placement 


having used the prepared surgical guide. 


to proceed while being cognizant of, but without 
compromise to, the final planned outcome. 

The advantages of such an approach are re- 
lated to the ability for some patients to better man- 
age the physiological and psychological challenges 
of losing all of their upper teeth; providing an of- 
ten simpler healing phase with a transitional pros- 
thesis, and the ability to provide for a more rapid 
improvement of appearance, function, and patient 
comfort. Fixed provisional segmental prostheses 
are sometimes used, thus allowing modifications 
in the definitive prosthetic design should appear- 
ance, function, maintenance or phonetics dictates. 

A staged approach does increase the time over 
which treatment takes place, and by definition 
involves an increased number of surgical stages. 


Such an approach is contraindicated if the teeth 
designated for later extraction are unable to be 
stabilized with periodontal therapy, or where the 
tooth or teeth positions would compromise the de- 
sired implant placement or final prosthesis design. 


Loading Protocols and the 

Transition Phase 

There are a number of examples of immediate load- 
ing (in a full-arch form) of the edentulous maxilla 
in the literature, which report the procedure, tech- 
niques, and early outcomes. Fewer studies docu- 
ment longer-term survival and complication. How- 
ever, objective analyses of esthetic outcomes when 


prostheses are placed at the time of surgical im- 
plant placement are lacking. 

Alternatively, early loading, being defined as 
a restoration in contact with the opposing denti- 
tion and placed at least 48 h after implant place- 
ment but not later than three months postim- 
plant placement, can be supported (when using 
implants with a roughened titanium intraosseous 
surface) in the edentulous maxilla (Proceedings 
of the Third ITI Consensus Conference, JOMI, 
Vol. 19 (Supplement):75-114; 2004). From an es- 
thetic point of view, there appears to be a low risk 
of a negative outcome when single tooth implant- 
retained provisional crowns are placed six weeks 
following implant placement. The early placement 
of well-fitting short-span provisional restorations in 
segments around the arch is to be recommended as 
a precursor to the definitive ceramo-metal restora- 
tion in a Type 1 congruent I-T prosthesis. 


Considerations of Implant and Pontic 
Positioning for Optimal Esthetics 

When planning the restoration in the anterior re- 
gion of the maxilla, several factors must be bal- 
anced in determining the most desirable implant 
positions to achieve the optimal esthetic outcome. 
These factors include: 


e the areas that provide sufficient volume of 
alveolar bone 

e the desired tooth positions in the definitive 
prosthesis 

e the volume and architecture of the alveolar 


mucosa 
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e the relationship of the upper lip position to the 
planned restoration on smiling and the crest of 
the alveolar mucosa 

e the importance of visual bilateral symmetry 
around the maxillary dental midline 


Clinical observation has demonstrated that it is 
often difficult to recreate the scalloped soft tis- 
sue architecture that accompanies a healthy natu- 
ral dentition when using multiple dental implants. 
Adjacent implant restorations are at present un- 
predictable with respect to the postrestoration in- 
terproximal soft tissue contours. The tissue-type 
and relationship of the periodontal supporting tis- 
sues and a natural tooth are quite different from 
those between the mucosa and an implant-retained 
restoration. Thus, in the edentulous anterior max- 
illa, the esthetic outcome can often be optimized by 
placement of fewer implants, spaced adequately to 
provide pontic sites. 

The use of a ceramo-metal pontic or pontics 
in the restoration allows greater variation in the 
ability to recreate the desired tooth-soft tissue re- 
lationship. In areas where the alveolar mucosa is 
of sufficient volume, an ovate design of the apical 
area allows the pontic to be seated into the mucosa 
and provide the appearance of a scalloped architec- 
ture. The interproximal tissue does not extend as 
far coronally as that between two natural teeth, but 
does change the flattened alveolar mucosa covering 
on the ridge to a scalloped form. Figures 13.12a-b 
demonstrate this effect in the anterior maxilla of a 
partially dentate patient. 


Figure 13.12 (a) A facial view of a four-unit Type 1 congruent FPD supported by two dental implants (in the maxillary lateral 
incisor sites) in a partial edentulous patient demonstrating adequate, but not ideal, interproximal soft tissue architecture 


around the pontics of the FPD. (b) A smile view of same patient. 
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Alternatively, where two or more pontics ex- 
ist between implant abutment crowns, the limited 
addition of soft-tissue colored ceramic can provide 
an esthetically pleasing illusion of a natural soft tis- 
sue architectural form around the prosthetic teeth. 
This colored ceramic can either be limited to the 
interproximal gingival embrasure alone; with the 
neck of the pontic seated on the alveolar mucosa, 
or extended in the form of a narrow, thin flange 
apical to the neck of the pontic to allow a balanced 
tooth form to be created. In both situations, the 
restoration can be constructed to achieve a bilater- 
ally symmetrical appearance of the prosthetic soft 
tissue. 

The utilization of soft-tissue colored ceramic 
also obviates the need for additional surgical 
attempts to augment deficient alveolar mucosa. 
Whilst augmentation may provide for an improved 
result, the precise outcome of surgical intervention 


aimed at vertical enhancement of the ridge form is 
at best unpredictable. 

The critical issue when considering the addi- 
tion of soft-tissue colored ceramic is the relation- 
ship of the upper lip at the point of its highest 
elevation, and the inferior crest of the alveolar mu- 
cosa. To esthetically “hide” the soft-tissue colored 
ceramic-mucosal junction, it must be placed just 
superiorly to the upper elevation of the upper lip 
upon smiling. This junction must not be exposed 
when the patient smiles. Such extension also al- 
lows the necks of the pontic teeth to be correctly po- 
sitioned independent of an existing nonideal ridge 
contour (Figures 13.13a-c). 

The extension should not be confused in de- 
sign with a conventional denture flange; it should 
be short, thin, and taper out onto the tissue in to 
a thin sharp edge. The extension should be con- 
structed using a matching tissue colored ceramic 


Figure 13.13 (a—b) A facial and right-facial intraoral views of the completed FPD utilizing a ceramic “flange” in the pontic 
regions of the lateral incisor replacement teeth. The ceramic “flange” provides for an artificial architecture that mimics natural 
contours and esthetics. (c) A smile view of the same patient demonstrating the “masking” of the ceramic “flange” under the 


upper lip at its highest elevation. 


and thinned to an almost transparent appearance 
to allow the natural mucosal color to “blend” with 
the margin. 


Design Options for Type 1 
Congruent I-T Prostheses Using 
Segmental Restorations 


Option 1: The placement of eight implants allows 
for the construction of four individual three- 
unit FPDs; with two three-unit FPDs replacing 
the anterior six teeth (Figure 13.14). 

Option 2: The placement of eight implants allows 
for the construction of four individual three- 
unit FPD; with two three-unit FPDs replacing 
the anterior six teeth and utilizing single-unit 
distal-extension cantilever pontics (premolar 
size) bilaterally in the posterior FPDs (Figure 
13.15). 

Option 3: The placement of eight implants al- 
lows for the construction of one anterior four- 
unit FPD to replace the incisor teeth*; sin- 
gle implant-retained restorations to replace the 
cuspid teeth, and two three-unit FPDs replac- 
ing the posterior teeth (Figure 13.16). 

Option 4: The placement of six implants allows 
for the construction of one anterior four-unit 
FPD to replace the incisor teeth* and two three- 


Figure 13.14 The placement of eight implants allows for 
the construction of four individual three-unit FPDs; with two 
three-unit FPDs replacing the anterior six teeth. 
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Figure 13.15 The placement of eight implants allows for 
the construction of four individual three-unit FPDs; with two 
three-unit FPDs replacing the anterior six teeth and utiliz- 
ing single-unit distal-extension cantilever pontics (premolar 
size) bilaterally in the posterior FPDs. 


unit FPDs replacing the posterior teeth (Figure 
13.17). 

Option 5: The placement of six implants allows 
for the construction of one anterior six-unit 
FPD to replace the incisor and cuspid teeth* 


Figure 13.16 The placement of eight implants allows for 
the construction of one anterior four-unit FPD to replace 
the incisor teeth*; single implant-retained restorations to 
replace the cuspid teeth, and two three-unit FPDs replacing 
the posterior teeth. 
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Figure 13.17 The placement of six implants allows for the 
construction of one anterior four-unit FPD to replace the in- 
cisor teeth* and two three-unit FPDs replacing the posterior 
teeth. 


and two three-unit FPDs replacing the poste- 
rior teeth, without the use of a cantilever distal 
extension (Figure 13.18). 

Option 6: The placement of six implants allows 
for the construction of one anterior six-unit 
FPD to replace the incisor and cuspid teeth* 
and two three-unit FPDs replacing the poste- 
rior teeth, utilizing single-unit distal-extension 


Figure 13.18 The placement of six implants allows for the 
construction of one anterior six-unit FPD to replace the 
incisor and cuspid teeth* and two three-unit FPDs replacing 
the posterior teeth without the use of a cantilever distal 
extension. 


Figure 13.19 The placement of six implants allows for the 
construction of one anterior six-unit FPD to replace the 
incisor and cuspid teeth* and two three-unit FPDs replac- 
ing the posterior teeth, utilizing single-unit distal-extension 
cantilever pontics (premolar size) bilaterally. 


cantilever pontics (premolar size) bilaterally 
(Figure 13.19). 

(There may be an esthetic requirement to in- 
clude some interproximal soft-tissue colored 
ceramic in the gingival embrasures between 
the pontics to provide optimal result.) 


An example of a clinical case representing the reha- 
bilitation of the edentulous maxilla utilizing dental 
implants and segmental FPDs is demonstrated in 
Figures 13.20a-d (and previously seen in Figure 
13.13). This example provides for implant place- 
ment in positions similar to those in Option 6. Such 
a therapeutic approach was indicated in this pa- 
tient as there was an anterior open bite and thus 
little load applied to the anterior segmental pros- 
thesis. Additionally, complex ridge reconstitution 
required for implant placement in the incisor re- 
gion is avoided. 


TYPE 2: NONCONGRUENT I-T 
PROSTHESIS 


The Type 2 noncongruent I-T prosthesis is indi- 
cated where the prosthetic tooth position is re- 
quired to be horizontally and/or vertically distant 
from the residual edentulous maxilla. A diagnostic 
setup establishes the distance between the necks of 
the teeth in their desired positions and the alveolar 
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Figure 13.20 (a) An occlusal view of FPDs utilizing the therapeutic Option 6: A six-unit anterior FPD with two separate 
posterior segments comprising three-unit FPDs (each inclusive of a single distal cantilever extension) being directly screw- 
retained. (b) A postoperative OPG radiograph. (c) An anterior view demonstrating the ceramo-metal meso-structures in 
place, prior to the cementation of the anterior six-unit FPD. (d) Facial view of the completed reconstruction. 


ridge. As a consequence of the necks of the teeth 
being distanced from the ridge form, the prosthetic 
teeth cannot exit directly from the mucosa. In such 
a case, there is always additional soft-tissue colored 
prosthetic material required between the mucosa 
and the prosthetic teeth. 

The general principles for patient analysis out- 
lined above for the determination of the Type 1 con- 
gruent I-T prosthesis are equally relevant when the 
definitive prosthesis does not allow the implants 
to be congruent with specific prosthetic tooth po- 
sitions on the prosthesis. The Type 2 noncon- 
gruent I-T prosthesis has the advantage of being 
able to be constructed in either ceramo-metal or 
metal-reinforced acrylic (i.e., a hybrid prosthesis). 
With the ongoing development of CAD-CAM tech- 
nology, milled metal and all-ceramic frameworks 
are being utilized as further extensions of fab- 


rication techniques. Regardless of the technique 
employed, it remains essential that the junction 
between the soft-tissue colored prosthetic mate- 
rial and the alveolar mucosa be superior to the 
highest elevation of the upper lip upon smiling 
(Figures 13.21a-d). 


Key issues 

Clinical and Radiographic Diagnostic 
Criteria Are Less Demanding 

Implant positioning is not as critical as for the Type 
1 prosthesis. A complete and accurate definitive 
tooth setup must still be established and verified in- 
traorally. The try-in confirms the distances between 
the necks of the teeth and the alveolar mucosa in 
the areas where the implants are to be placed. 
Where there are areas of advanced resorption, 


386 Rehabilitation of the Edentulous Maxillary Jaw 


CU aa 


Figure 13.21 (a) A facial view of the preoperative state of a 65-year-old female patient with terminal remaining five anterior 
maxillary teeth. (b) Lip positions during smiling indicating that the remaining ridge mucosa lies superior to the upper lip 
position. (c) A view of the completed Type 2 noncongruent FPD. (d) The patient’s smile, confirming the nonappearance of 


the junction of the prosthesis and the alveolar mucosa. 


particularly in the anterior ridge, pontics should 
be planned. The trial appliance will have a slight 
labial or buccal flange. It should not extend into 
the vestibule. Upper lip support will be provided 
predominately by the teeth. 

An appropriate radiographic analysis is re- 
quired to confirm the proposed implant sites prior 
to final determination of the most suitable posi- 
tions, and designation of the types of implants most 
appropriate. CBCT or similar computer-assisted im- 
ages may be required where the residual ridge 
width is in question. When available, computer- 
assisted planning software and navigational surgi- 
cal units may also assist. 


Determination of Implant Position 

A Type 2 noncongruent I-T prosthesis requires a 
distribution of dental implants around the max- 
illary ridge that will allow for the predetermined 
prosthesis design to be attached and distribute 
functional loading. At the time of surgery, the sur- 
geon is still required to visualize the positions of the 
teeth as they will be on the definitive prosthesis. 
Positions should be chosen that allow the implants 
to be placed in adequate bony sites, be spaced 
from one another for improved patient home care, 
and provide screw access holes through the oc- 
clusal and palatal aspects of the prosthesis. In most 
cases, the relationship of the head diameter of the 


implants to the tooth types (and thus sizes) on the 
prosthesis is of less importance. 

The operator responsible for the surgical 
placement of the implants must be a skilled surgeon 
with adequate understanding of implant surgery 
and soft and hard tissue management. 


The Use of a Surgical Guide (Stent) 


A carefully constructed and accurate surgical guide 
must again be fabricated and used at the time of 
surgery. The guide should provide a replica of the 
final prosthesis to demonstrate tooth position in 
relation to the bony ridge form. Its aim will be to 
allow the various implants to be placed in such 
a manner as to provide the simplest connection 
within the prosthetic design. 


ADDITIONAL CONSIDERATIONS 


Implant Design and Number 

As the esthetics of the definitive Type 2 noncongru- 
ent I-T prosthesis depends less upon the interface 
of the mucosa and the prosthetic connection to the 
implant, the type of implant to be utilized is not 
as critical. The points relating to the design of the 
restorative connection, as outlined above, remain 
valid. Where the implant-prosthetic connection is 
concealed under the upper lip, as is the indication 
for the Type 2 prosthetic design, implant selection 
can be made to optimize the biological response 
and facilitate maintenance. As such, a transmu- 
cosal implant design is usually preferred. Where 
the prosthesis is constructed as a reinforced metal- 
acrylic hybrid, the need to have acrylic extend- 
ing submucosally will be reduced. Further, when 
the restorative interface is at, above or minimally 
below the mucosal margin, more accurate clini- 
cal determination of the fit of the prosthesis is 
possible. 

Between four and eight implants are required 
to adequately support a Type 2 maxillary prosthe- 
sis. The determination of the number of implants 
to be placed is based upon several factors, includ- 
ing the ability to distribute the implants around the 
arch, the opposing dentition, the prosthetic design 
(with four implants a segmental restoration is not 
possible) and the desire to provide adequate space 
between each implant. 
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Staged Treatment and the Transition 
Phase 


For the fully edentulous patient, the simultane- 
ous placement of the required number of implants 
is common. In the partially dentate maxilla, for 
reasons similar to those discussed for the patient 
planned for a Type 1 prosthesis, a staged approach 
to the complete replacement of remaining natural 
teeth using a Type 2 noncongruent I-T prosthesis 
may be considered. 

This approach is particularly beneficial when 
both the extractions of the remaining teeth and 
the implant placements can be staged. The sim- 
plest approach is to extract nonstrategic teeth, with 
the retained teeth prepared to allow for a tooth- 
supported fixed partial denture. Alternatively, a re- 
movable partial appliance being supported by the 
unprepared retained teeth is another option. Sev- 
eral dental implants are then placed in the appro- 
priate sites, whether they be existing edentulous 
sites, extraction sockets, or partially healed sock- 
ets in a Type 2 or delayed approach. 

Following the required healing time, 
impressions are made and the provisional implant- 
supported prosthesis is fabricated, allowing for 
attachment to the implants yet to be placed. This 
appliance also acts as a definitive surgical guide 
and is best utilized when the final implants are 
to be placed in more critical sites. The remain- 
ing teeth are subsequently removed, additional 
implants are placed (either immediate placement 
or delayed as a Type 2 procedure) and the provi- 
sional prosthesis is linked to these implants and 
screw-retained in situ. The definitive prosthesis 
can then be fabricated at the appropriate time. 
The clinician may also evaluate the functional and 
esthetic parameters as afforded by the provisional 
appliance. Such a staged approach has several 
advantages, which are listed in Table 13.5. 

Figures 13.22a-f demonstrate a case managed 
with a Type 2 noncongruent I-T prosthesis, in this 
case fabricated in metal-ceramics. The patient, a 
64-year-old male, demonstrates a moderately high 
risk of technical complications from parafunctional 
activity. He has a shortened mandibular arch, with 
the majority of his posterior teeth absent. He de- 
clined treatment in his lower jaw. Therapy was 
therefore limited to replacement of his maxillary 
teeth. 

Staged extraction of the remaining maxillary 
teeth was undertaken, using three strategic teeth 
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Table 13.5 Advantages of a maxillary rehabilitation utilizing a staged implant placement protocol. 


introduced through immediate prosthesis placement 


carried out 


The surgical phase is simplified for the patient, as two less extensive procedures are required 

The physiological and psychological challenges of losing the natural upper teeth are better managed 

There is often a simpler healing phase with a transitional prostheses 

An immediate restoration is provided at the time of the second surgical placement of implants 

There is reliance on a combination of previously integrated implants as well as the just placed implants, when loading is 


A more accurate and simpler construction of the immediately placed prosthesis is possible 
Functional and esthetic assessment of the prosthetic design prior to construction of the definitive prosthesis can be 


Although the provisional is usually a full-arch construction, it still allows for a definitive segmental restorative design 


as temporary abutments for a transitional FPD dur- 
ing the two stages of implant placements. Once 
the initial implants placed had successfully inte- 
grated, a provisional implant-supported FPD was 
constructed and placed followed by the placement 
of the final implants. Later the definitive metal- 
ceramic prosthesis was constructed; being screw- 
retained to custom-fabricated gold cylinders via 
transversal (or lateral) screws. Individual pressed 
ceramic crowns were constructed and individually 
luted on the rigid “tooth-form” projections on the 
framework. 

The eight-year following and radiographs are 
demonstrated in Figures 13.23a-d. During this 
time, one of the pressed ceramic crowns has re- 
quired replacement as a result of cracking. The 
design facilitates this type of repair as the indi- 
vidual crown can be replaced without the removal 
of the prosthesis, using conventional “tooth-based” 
crown and bridge procedures. 


Loading Protocols 

Following an extensive review of the literature, 
and as a result of the third ITI Consensus Con- 
ference, there are considered sufficient studies on 
early loading to allow clinical recommendations 
to be published. Four or more implants support- 
ing a fixed restoration on a framework that rigidly 
connects the implants should be employed. The 
implants should be characterized by a roughened 
titanium intraosseous surface, and be allowed to 
heal for at least six weeks. The implant sites 
should be characterized by types 1, 2, or 3 bone 
quality. 


Implant-Retained Fixed 
Prosthesis—Summary 


A comparison of the advantages and disadvantages 
between Type 1 and Type 2 FPDs are presented in 
summary form in Table 13.6. These factors need 
to be considered on a case-by-case basis to allow 
analysis of the best option for any particular patient 
presentation. 


Maintenance Considerations 


All fixed prostheses will require maintenance as 
a consequence of technical complications. These 
complications may be implant-related, connection- 
related or suprastructure-related. The associated 
soft tissues and supporting alveolar bone are also at 
risk of biologic complications, including mucositis, 
peri-implantitis, and general soft tissues complica- 
tions. Possible complications of both a biologic and 
technical nature are summarized in Table 13.7. 

When completing Type 1 or Type 2 fixed pros- 
theses, the operator must be aware of the risks of 
such complications. Provision for the management 
of complications must be considered in the plan- 
ning phase. Screw retention of the prosthesis will 
allow retrieval to more easily address peri-implant 
and soft tissue complications. Segmented restora- 
tions may have some or all individual segments 
cement-retained, as a segment will likely to have 
less complicated access for a site-specific biologic 
problem. 

All patients must be offered a specific pro- 
gram of maintenance following successful implant 
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Figure 13.22 (a) An occlusal view of custom-fabricated gold meso-structures, screw-retained to the implant-abutment 
assemblies of the integrated trans-mucosal implants prior to the placement of the definitive suprastructure. (b) An intraoral 
view of the left facial aspect of the Type 2 noncongruent metal-ceramic FPD in place, demonstrating the opaqued metal 
“preparations” onto which the pressed all-ceramic crowns are luted. (c) A view of the metal-ceramic framework on the master 
cast. (d) A palatal view of the prosthesis, which demonstrates the design position of transverse screws. (e) Postoperative 
view of patient with lips in an exaggerated smile position. (f) A postoperative OPG. 
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Figure 13.23 (a) A facial view of the Type 2 noncongruent FPD, at the eight-year review. (b—d) Eight-year radiographs 


demonstrate adequate maintenance of bone levels. 


therapy. The combined incidence of biologic and 
technical complications has been assessed as ap- 
proximately 50% of cases after five years of func- 
tion. 

Bruxism is a recognized risk factor in the in- 
creased incidence of technical complications. Pa- 
tients who demonstrate evidence of such parafunc- 
tional activity should be warned of the likely inci- 
dence of various technical complications. The ac- 
tual risk is associated with several factors, includ- 
ing the material used in the prosthesis construction, 
the design of the prosthesis and the opposing denti- 
tion. Design features, beyond conventional screw- 
retained (i.e., transocclusal and transverse) frame- 
works can be incorporated into the design to pro- 


vide for less involved correction of a likely incident. 
Such a design feature was illustrated in the patient 
case previously presented in Figures 13.22a-f. 

There is also a recognized high incidence 
of technical complications associated with metal- 
reinforced acrylic Type 2 FPDs. These complica- 
tions can involve the regular fracturing of the teeth 
(both adhesive and cohesive), fracturing of the 
pink acrylic supporting material, and prosthesis 
fracture. The resin-based teeth will eventually wear 
and require replacement—the rate being individu- 
ally determined by the parafunctional activity and 
force of the each patient. 

It is wise to identify the likelihood of such 
complications at the time that the presentation of 
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Table 13.6 A comparison of the Type 1 and Type 2 fixed prostheses. 


Type 1 congruent I-T prosthesis 


Type 2 noncongruent l-T prosthesis 


Advantages 

e Can provide excellent esthetic outcome 

e The use of segmental restorations are indicated; 
simplifies construction 

e Tooth—mucosal interface created to imitate natural 
anatomy 

e Pontics can be placed with very good adaptation to 
mucosa 

e Often multiple design options that can accommodate for 
variation in the suitability of implant bony sites 


Disadvantages 

e Requires very precise implant positioning 

e Requires highly skilled operators and team 

e Technically demanding 

e Patients home care can be complicated 

e Minor deviation in implant placement positions or 
alignment may have significant negative effects on 
esthetic outcome 


Advantages 

e Greater scope in choosing implant sites 

e Greater tolerance in surgical implant placement 

e Able to distance implants to improve patient access for 
home care 

e Compensation of missing alveolar ridge form possible 
with prosthetic material 

e Generally screw-retention provides for simpler 
maintenance 

e Various material options available 

e Often cheaper option compared to a Type 1 
ceramo-meal prosthesis 


Disadvantages 


e Shape of prosthesis is influenced by the position of the 
implants 

e Potential for phonetic complications 

e Often constructed in one piece 

e Often high costs 

e May require scheduled removal at maintenance 
appointments to allow for thorough evaluation and 
cleaning 


the treatment options is being made to the patient. 
A decision to proceed with such therapy should be 
made in the knowledge it is likely that there will be 


Table 13.7 Possible maintenance complications. 


Biologic complications 


e Mucositis: Localized lesion without bone loss around an 
osseointegrated implant 

e Peri-implantitis: Localized lesion including bone loss 
around an osseointegrated implant 

e Soft tissue complications: Fistula, excessive swelling, hy- 
perplasia, etc. 


Technical complications 

e Implant-related: Fracture 

e Connection-related: Screw loosening, fracture 

e Suprastructure-related: Framework, veneer, loss of re- 
tention (in cemented restorations), tooth displacement, 
excessive wear 


a higher incidence of technical complications and 
maintenance requirements. 


IMPLANT RETAINED/SUPPORTED 
REMOVABLE PROSTHESIS 


Patients who are prepared to continue with a re- 
movable maxillary prosthesis but seek an improve- 
ment in the function and comfort of the appliance 
are a group who can be considered for removable 
implant-retained and/or supported prosthetic reha- 
bilitations of their maxillary jaws. 

Conversely, some patients are not suitable for 
either Type 1 or Type 2 fixed design options, and 
see the implant-enhanced removable option as an 
improvement when compared to a conventional 
denture. There are many advantages to providing 
such therapy, as have been summarized earlier. 
The challenge is to determine the most appropriate 
prosthetic design for each patient. It must be a de- 
sign which will address the presenting concerns of 
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the patient and provide the enhancements that are 
expected. 


The Role of Implants in a Removable 


Prosthesis 

Dental implant therapy employed in either jaw to 
provide a removable prosthesis is aimed at improv- 
ing retention, stability and/or support. While these 
elements are rarely mutually exclusive, identifying 
the patient’s dissatisfaction with any functional as- 
pect of their existing conventional full denture will 
provide an indicator as to the most appropriate de- 
sign to eliminate the problem in the new remov- 
able prosthesis. A basic comparison is summarized 
in Table 13.8. 

Dental implants can be used either individu- 
ally with retentive abutments or splinted via a bar 
form. Individual use utilizing two implants is com- 
mon in the lower jaw. Individual abutments are 
placed that provide for a retentive patrix that en- 
gages a corresponding matrix placed in the remov- 


Table 13.8 Implant supported/retained maxillary 
removable prosthesis. 


Single retentive elements 

For retention primarily, but does improve stability of the 
prosthesis 

Limited use in maxilla: 2 implants are rare/4 implants are 
possible, but there are limitations 

Can utilize various retentive designs 

Indicated where primary problem with existing denture 
is retention 

Alveolar mucosa continues to provide primary support 
for functional loading 

Maintenance requirements 


Splinted bar-retained 

Four implants are required 

Adequate inter-arch distance is for required prosthetic 
elements 

Placement is effective for retention and provides a re- 
duced mucosal loading 

Bar design—determines the distribution of the functional 
load between the bar and the alveolar mucosa 

Maxillary prosthesis design—assessment of resilience 
of alveolar mucosa determines requirement for palatal 
coverage 

Maintenance requirements 


able prosthesis. These are either a near-spherical 
shape (e.g., retentive anchors) or a wide disc that 
provides a dual internal and external retentive con- 
figuration (Locator®) (Figures 13.24a-b). Other re- 
tentive designs exist, such as magnets. 

Each of these elements provides, as its pri- 
mary function, enhanced retention. There is also a 
coincident improvement in the stability of the pros- 
thesis. However, there is little effect on support, 
as the attachment (patrix—-matrix) design provides 
for resilience between the parts, thus allowing 
the prosthesis to continue to require support from 
the underlying maxillary mucosa. Only after the 
quality of the mucosal-denture base fit deteriorates 
does the support for the functional occlusal loading 
transfer to a greater extent to the implants; some- 
thing that should be corrected with a readaptation 
of the denture base. 

When implants are splinted together using a 
cast, soldered or welded bar, retentive matrices are 
also incorporated into the prosthesis. The circum- 
ferential shape of the bar will be determined by 
the extent of functional loading that the prosthesis 
must transmit to the implants through the bar. The 
mucosal area under the extension of the bar will 
not be loaded, thus the bar will provide retention 
(through the retentive clips that engage the bar), 
improved stability and support. The bars share the 
load in conjunction with the mucosa in areas where 
the denture base is in contact with mucosa beyond 
the bar extension. 


Diagnostic Criteria: Clinical 
and Radiographic 


The key issues in determining the clinical indica- 
tions for implant therapy using a removable pros- 
thesis are: 


e the need to provide additional support to the 
facial middle one-third beyond that provided 
by the residual maxillary ridge, and 

sufficient area of available space between 
the maxillary alveolar mucosa and the pro- 
posed internal surface of the denture base for 
the required implant connections and asso- 
ciated hardware to fabricate the bar and the 
prosthesis. 


Where the teeth are required to be placed beyond 
the vertical, horizontal, and transverse dimensions 
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Figure 13.24 (a) A clinical view of a Locator® attachment in place in an edentulous maxillary jaw. (b) A diagrammatic 
representation of the Locator® attachment with the plastic matrix engaging the metal patrix. Divergence of greater than 10° 
(20° between implants) can be accommodated with a modification of the design of the matrix, that then only engages the 


external retentive feature. 


of the residual ridge form, there is an immediate 
need to provide additional prosthetic augmentation 
of the arch. Such augmentation is simply provided 
through the use of a removable prosthesis. 

Infrequently the presenting complaint of the 
patient is exclusively related to retention in their 
conventional full maxillary denture. Usually the re- 
sorptive changes that have occurred in the edentu- 
lous maxilla lead to reduced stability in function, 
or the alveolar mucosa is unable to absorb the 
functional loading transmitted through the conven- 
tional appliance. 

Recommended management involves the 
placement of four dental implants in the edentu- 
lous maxilla to provide for a removable prosthesis. 
The implants may be restored with individual re- 
tentive elements. More commonly, the implants are 
splinted with a bar. There is a need for not less than 
15 mm between the alveolar ridge and the denture 
base to allow for the incorporation of a bar struc- 
ture and the attendant retentive elements. This re- 
quirement will be less when a nonsplinted (indi- 
vidual elements) implant-retained appliance can be 
utilized. 

The preferred sites for implant placements are 
in the anterior and premolar areas of the maxilla. 
The available bone in these area is usually ade- 
quate, except when either the maxillary sinus has 
enlarged vertically and anteriorly, or when there 
has been significant bone loss in the anterior max- 


illa (as in the abnormally advanced bone resorption 
seen in the “combination syndrome” patient). 


SINGLE RETENTIVE ELEMENTS 


As the use of this procedure is limited to patients 
whose problem relates primarily to a lack of reten- 
tion (the maxillary mucosa and underlying alveolar 
bone is of sufficient volume and resiliency to main- 
tain stability and support), this therapy has limited 
use in maxilla. In such cases, the use of four dental 
implants with individual retentive elements is most 
effective. On rare occasions two may be used. 

In one such instance, a 54-year-old male pa- 
tient, being a person who derived his income 
predominately from being engaged as a public 
speaker, felt concerned that he could loose his con- 
ventional full upper denture whilst presenting. The 
ridge form was adequate and the patient had no 
other complaints. He had worn a full denture for 
many years, and the present prosthesis was satis- 
factory in normal function. The patient’s residual 
maxillary ridge did not permit a Type 1 or Type 2 
fixed option, due to an inadequacy of the residual 
bone volume. He declined bone grafting to permit 
the placement of multiple implants. 

Following appropriate clinical and radio- 
graphic analysis, it was determined that the place- 
ment of two implants in the cuspid regions, with 
the view to placing individual retentive elements, 
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would provide a solution to his concern regard- 
ing confidence in the retention of the conventional 
full denture. Whilst this is an unusual presenta- 
tion, and a treatment that is not recommended as 
a routine modality, it demonstrates the principle 
of the use of individual implants to enhance the 
retention of a conventionally designed full upper 
denture (Figures 13.25a-d). 


When four dental implants can be placed in 
the maxilla, the management decision exists as to 
whether to prescribe a Type 2 fixed I-T prosthe- 
sis or an implant-retained overdenture. In addition 
to the two key issues previously listed, there are 
several additional factors to evaluate: The occlusal 
forces the appliance will need to withstand, the 
opposing dentition, and the desires of the patient 


Figure 13.25 (a) An occlusal view of the edentulous maxillary arch with two implants and Locator® attachments placed. (b) 
A facial view of the edentulous maxilla, demonstrating the divergence of the axial alignment of the implants and abutments. 
As this is not greater than 20°, standard matrices can be utilized. (c) The fitting surface of the conventionally designed 
denture, incorporates the light retentive plastic matrices in the metal housings processed into the denture base. (d) The full 


facial view of the patient postoperatively. 


with respect to surgical intervention and their un- 
derstanding of the likely outcome. 

The placement of four dental implants in 
the maxilla, with individual retentive elements at- 
tached, can provide optimal retention and a marked 
increase in the stability of a removable prosthesis. 
The implant placements do need to be sufficiently 
distributed around the arch form to allow optimal 
cross-arch and anteroposterior distribution of the 
occlusal loading. 

An example of such therapy is illustrated in 
the case of a 65-year-old male in Figures 13.26a- 
c. The patient was concerned with the continuing 
fractures of his conventional full upper prosthesis. 
The lower jaw was compromised, with an inad- 
equate lower removable partial denture replacing 
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the missing posterior teeth and retained by the re- 
maining six lower anterior natural teeth. The lower 
jaw was managed with the extraction of the re- 
maining, lower teeth and the placement of six den- 
tal implants. This approach allowed for the con- 
struction and placement of two three-unit posterior 
FPDs and a six-unit anterior FPD. 

The retentive elements chosen for the four 
implants placed in the maxilla were the Locator 
system, as it provided the necessary compensation 
for the divergent axes of the implants. The max- 
illary jaw often demonstrates a pattern of resorp- 
tion of the alveolar processes after tooth loss that 
dictates divergent axes when dental implants are 
placed around the arch. As a consequence, when 
individual retentive elements are to be used, the 


Figure 13.26 (a) An occlusal view of the edentulous jaw with the four implants and Locator® attachments in place. (b) 
The fitting surface of the conventionally designed denture incorporates the retentive plastic matrices in the metal housings 
processed into the denture base. (c) A facial view of the completed rehabilitation. 
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system chosen must allow for such divergence 
whilst maintaining its effectiveness as a retentive 
element. The Locator~ system provides for a re- 
silient plastic matrix that allows up to 40° of di- 
vergence between the axes of the implants. The 
housing inside the removable prosthesis allows for 
easy removal and replacement of the matrices, as 
required over time. 


SPLINTED BAR-RETAINED PROSTHESIS 


Where improved stability and support against func- 
tional loading of the mucosa is required in addition 
to increased retention, a splinted bar-retained pros- 
thesis is indicated. In the maxillary arch, a min- 
imum of four implants is required to effectively 
undertake this procedure. 


The implants should be placed around the 
arch form to allow for adequate anteroposterior 
distribution of the load. Implant placement posi- 
tions should be selected to allow for sufficient bar 
length between the abutments, to provide for reten- 
tive clips of adequate length. To maximize this dis- 
tance between the anterior and posterior implants, 
and to avoid the anatomical restrictions that max- 
illary sinus extensions may introduce, the implants 
in the posterior maxilla may be distally inclined; 
engaging adequate bone anterior to the sinus, yet 
providing an exit through the mucosa at a point 
further distal. 

The design of the removable prosthesis will 
depend upon the extension and circumferential 
shape of the bar, and to what extent the bar, 
and as a consequence the implants, will be loaded 


Figure 13.27 (a) A view of the mounted master cast with bar and clips attached. (b) A more detailed view of the clasp—bar 
assembly, with the set spacer between to provide for vertical and some rotational resiliency. (c) A palatal view demonstrating 
the bar design having been placed. Note the distal extension that will provide increased retention and remove the denture base 
from the poor-quality mucosal ridge in this area. (d) The fitting surface of the conventionally designed denture incorporates 


the retentive assemblies. 
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Figure 13.28 (a) A palatal view of the bar having a wide rectangular cross-section. In doing so, the entire maxillary ridge 
form isconstituted. Four additional retentive ball-shaped anchors provide a mechanism of increasing the retention of the 
prosthesis. (b) The fitting surface of the prosthesis, at the time of review required only one rubber “o” ring to optimize the 
retention. (c) The definitive prosthesis. (d) A full facial view of the 30-year-old female patient four years posttreatment. 


as compared to the load shared by the alveo- 
lar mucosa. The shape of the bar can vary from 
round to ovoid to a rectangular cross-section. In 
the case illustrated in Figure 13.27, the patient has 
a Class III skeletal relationship. As such the re- 
movable prosthesis will be predominately loaded 
in a vertical direction. Round and ovoid bars pro- 
vide for resilience in the potential movements of 
the denture. The retentive clips are spaced from 
the bar to permit vertical movement under func- 
tional loading (Figure 13.27b). The extension of 
the bar with the use of cantilevered distal ex- 
tensions may further enhance its effectiveness 
(Figures 13.28c-d). 

Where the form of the residual maxillary arch 
is more significantly compromised, the bar should 
be designed to accept a greater role in the stabil- 


ity of the prosthesis and support for the functional 
loading. A bar with a rectangular cross-section fa- 
cilitates this function. Ultimately, in the severely 
resorbed maxilla, the bar may need to effectively 
replace the vertical extension of the ridge, thus pro- 
viding a complete rim into which the removable 
prosthesis is anchored (Figures 13.28a-d). 


Conclusions 


Dental implant therapy can offer patients an im- 
proved quality of life. Of critical importance in 
considering such therapy is the ability of the 
dental professional to conduct a comprehensive 
evaluation, with appropriate consideration of the 
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patient’s presenting problems. The edentulous 
maxilla presents biologic, technical, and esthetic 
challenges. Each of these challenges needs to 
be identified and addressed. Not only what the 
proposed therapeutic management involves, but 
also what the implications are for the patient’s 
subsequent and future management, must be 
considered. 


To ensure a successful outcome, whether 
providing a fixed or removable implant-supported 
maxillary prosthesis, all interdisciplinary compo- 
nents of the patient’s therapeutic management 
must be undertaken within the competency of each 
operator, and the patient’s consent to such therapy 
must be accompanied by realistic expectations of 
the outcomes of the therapy. 
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Noncongruent I-T prosthesis (Type-2) 
additional consideration, 387-388 
clinical/radiographic diagnostic criteria less demanding, 
385-386 
implant position determination, 386-387 
Efficacy, PRGF, 116 
Elaboration protocol, PRGF, 115-116 
Endodontic therapy, 16 
Esthetic concept, 272-273 
Esthetic fixed implant restoration, 124 
Esthetic implant prosthesis, 27 
Esthetic risk assessment, 126t 
Extract mandibular molars, problems with, 249-255 


Facebow-mounted models, 47-48 
FEA. See Finite element analysis 
Final abutment selection, 306-307 
Finite element analysis (FEA), 197-200, 319 
Full arch, immediate loading 

delayed loading, 318 

FEA, 319, 320 

full mouth restoration, 350-354 

complications, 354-360 

mandible, 336-339 

maxilla, 339 

prosthetics 


cement-retained provisional restorations, 332-336 
screw-retained provisional restorations, 330-332 
surgery, 328-330 
treatment planning, 320-328 


GBR. See Guided bone regeneration 
Gold standard 
in GBR, 97 
of regenerative graft material, 107 
Gore-Tex membrane, 71 
Gore-Tex sutures, 68 
Graft material 
advantages and disadvantages of, 156t 
modification of, 188-189 
packaging technique, 189 
selection for sinus augmentation, 156-159 
Graft packing techniques modification, 189 
Growth factors 
VEGF, 113 
TGF-a@, 113 
PRGF, 85, 111f, 113-114, 188, 189, 191, 311 
HGF, 113 
Guided bone regeneration (GBR), 48-51, 109, 297 
decortication, 68 
diagnostic requirements, 47-48 
implant placement in atrophic ridges, 72-77 
inflammation and infection of, 78-85 
membrane fixation in, 68-72 
membrane selection in, 68, 85-89 
soft tissue management in, 51-67 
soft tissue primary closure after, maintenance of, 61t 
utilizing technical modifications, 67t 
success defined in, 109t 
suturing materials/techniques, 67-68 
technical considerations in, 48-51 
treatment options, 95 
treatment planning exercise, 89-90, 90t 


Hard tissue 

evaluation, 128-130 

grafting options, 130t 
HDD. See Horizontal defect dimension 
Hepatocyte growth factor (HGF), 113 
HGF. See Hepatocyte growth factor 
Horizontal defect dimension (HDD), 299, 300, 306 
Horizontal releasing incisions, 52-53, 54f, 103 


Immediate load therapy, 328t 

Implant-based esthetic treatment 
adjacent teeth and the oral environment, 139-141 
basic treatment principles in esthetic zone, 136-139 
implant site, 139 
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patient concerns, motivation, and attitudes, 136 
radicular coverage 
treatment procedures and chronology for, 141-142 
risk analysis (pretreatment), 134-136 
treatment chronology for modification (adjacent teeth 
and/oral environment), 141 
treatment principles in esthetic zone, 136-139 
Implant design 
congruent I-T prosthesis, 379 
noncongruent I-T prosthesis, 387 
Implant patient. See Periodontal patient 
Implant placement 
in atrophic ridges, 72-74 
augmentation without, 220 
in compromised sites, 307-309 
concomitant tooth extraction and, 263-267 
of extraction of maxillary molars, 223-224 
following tooth extraction in the posterior maxilla, 
219-220 
molar extraction in, 255-258 
in single-tooth edentulous sites, 309-311 
sinus augmentation, 151-157 
at time of extraction of maxillary molars, 223-224 
at time of extraction of two-rooted maxillary bicuspids, 
220-223 
Implant restoration, 124 
Implant-retained fixed dental prostheses (I-R FPD), 
366f, 373 
Implant-retained fixed prosthesis 
classification, 373-374 
diagnostic criteria (clinical/radiographic) , 392-393 
materials, 374-375 
role of, 392 
Implants. See also Implant placement 
internal vs. external attachment, 205 
maximize prognosis, characteristics to, 205 
Implant stability quotient (ISQ), 320 
Implant surface, roughened, 205 
Implant therapeutic approach, 26 
Implant therapy 
in esthetic zone, 137 
general risk factors for, 123t 
procedures designed to enhance site in, 139 
IMZ implants, 163-164 
Incisions 
crestal, 102 
horizontal releasing, 103 
Infected sites, 255 
Infected teeth, 78 
Internal healing (remodeling) of bone, 275 
Interproximal pocket, 10 
Intraoperative site assessment, 259-260 
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I-R FPD. See Implant-retained fixed dental prostheses 
ISQ. See Implant stability quotient 


Lateral window sinus augmentation therapy, 
145-150 
Loading protocols 
for type 1: congruent I-T prosthesis, 380-381 
for type 2: noncongruent I-T prosthesis, 388 
Long span fixed prosthesis, 27 


Mandibular molars (furcated), treatment of 

concomitant tooth extraction and implant placement, 
263-267 

implant placement at time of extraction, 255-258 
implant selection, 260-263 
intraoperative site assessment, 259-260 
problem and definition, 248-255 

Maxillary rehabilitation 
utilizing staged implant placement protocol, 388 

Membrane application for GBR, 285 

Membrane exposure factors, 65 

Membrane exposure posttherapy, 65 

Membrane fixation, 68-71, 69t 

Membrane selection 
in GBR, 68, 85 

Miller’s classification 
gingival recessions, 128t 

Minimal approach surgery, 18-19 

Missing maxillary first molar 
cost analysis of treatment options for, 29t 
treatment options for, 28, 29t 

Missing maxillary first molar, second molar, 27-30 
cost analysis of, 29t 
treatment options for, 29t 

Monodent bridge, 108 

Mucoperiosteal flaps, 82 

Multirooted maxillary tooth, extraction of 
treatment options, 229-230 
treatment performed, 230-231 


Noncongruent implant-tooth (I-T) prosthesis, 367t 
Noncongruent I-T prosthesis (Type-2) 
additional consideration 
implant design and number, 387 
loading protocols, 388 
staged treatment/transition phase, 387-388 
clinical/radiographic diagnostic criteria less demanding, 
385-386 
determination of implant position, 386-387 
maintenance considerations, 388-391 
type 1 vs., 391 
Nonsurgical crown lengthening, 22 


Operator risk factors (in dental implantation) 
additional, 373 
specific 
diagnostic classification for treatment selection, 370 
visualization of treatment outcome, 370-373 
Oral BIS, 33-35 
Orthodontic supereruption, 22, 23t 
Orthodontic supereruption, cost of, 22, 23t 
Orthodontic therapy, 47, 131, 141 
Osteotomes 
alveolar bone core technique advantages, 171 
sinus augmentation, 167-172 
Osteotome technique, 144, 169-172, 170f, 173f, 174-177, 
179f 
bone-added, 173 
Osseous resective techniques, 4-9 
Osteotome therapy, 28 


Patient evaluation (dental implant) 
description, 122-124 
treatment planning and 
anatomical considerations in, 130-131 
hard tissue evaluation, 128-130 
restorability in, 125-126 
soft tissue evaluation, 126-128 
Patient health on treatment (implant placement), 32-35 
diabetes, 32 
intravenous bisphosphonates, 32-33 
oral BIS, 33-35 
parafunctional habits, 35 
smoking, 35 
Patient risk factors (dental implant therapy) 
general 
medical history, 365-367 
patient age, 367-368 
presenting condition, 365 
reason for tooth loss-susceptibility to periodontal 
disease, 368 
specific 
facial-extraoral analysis, 369-370 
facial-intraoral analysis, 370 
radiographic analysis, 370 
PDGF. See Platelet-derived growth factor 
PDL. See Periodontal ligament 
Periodontal ligament (PDL), 274, 280-283 
Periodontal patient, 3, 12 
Periodontal regenerative therapy, 2-3 
Periodontal therapy, 2, 3, 5, 15, 248, 254, 256 
PGRF. See Platelet-derived growth factor (PGRF) 
Piezosurgery utilization, 149-150 
Platelet-derived growth factor (PDGF) 
Platelet factor-4 (PF-4), 113 
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Pocket elimination therapy, 4-9, 11-13 Resective periodontal surgical therapy, 2-3 
Porcelain gymnastics, 307 Resective therapy, 3-4 
Posterior maxilla Resonance frequency analysis (RFA), 320 
buccolingual/palatal augmentation in, 145 Restorative options 
contradiction to, 144 materials, implant-retained fixed prosthesis, 374-375 
formulating hierarchy of treatment selection, 182-184 in maxillary jaw, 373-374 
sinus augmentation Restorations 
crestal window, 150-151 cement-retained provisional, 332-336 
lateral window, 145-150 full mouth, 350-354 
sinus membrane perforations in, 185t-186t screw-retained provisional, 330-332 
class I, 186-187 screw vs. cement-retained provisional, 362t 
class II, 187-188 RFA. See Resonance frequency analysis 
class IIA, 188 thBMP-2. See Recombinant human bone morphogenetic 
class IIB, 188 protein 2 
success of, 144-145 Ridge augmentation therapy, 58f, 97, 97t 
Postregenerative therapy, 50f, 52f, 61, 65, 84 success and failure rates of, 97t 
Preparation rich in growth factors (PRGF), 85, 111f, Ridge preservation 
113-114, 188, 189, 191, 311 alveolar, 275-277 
concept of technology development, 114-115 rationale for, 275 
initial research evidence for efficacy of, 116 Root placement, alveolus, 279 
as optimized platelet-rich plasma, 113-114 Root resective therapy, 15 
in other medical fields, 119 Routine therapy, 197 
protocol for elaboration of, 115-116 
for soft tissue healing, 119-120 Shorter implants use 
therapeutic applications of, 116-119 clinical applications of 
Presurgical planning, 321t of mandibular molar extraction, 210-212 
Pretreatment considerations of posterior mandible, 208-210 
partially dentate patient, 134-136 clinical studies in, 200-203 
PRGF. See Preparation rich in growth factors finite element analyses in, 197-200 
Prognosis maximization implant characteristics to maximize prognosis in, 205-208 
implant characteristics to, 205-208 preconditions for, 203-205 
Pronounced scalloped, 278 utilization in maxillary posterior areas, 212-214 
Prosthesis Single missing tooth, 24-25 
criteria for type of, 362t cost analysis in tooth bounded space, 27t 
criteria for type of immediate, 328t treatment options for, 26t 
fixed vs. removable, 367t Single missing tooth 
implant supported/retained maxillary removable, cost analysis for, 27t 
392t treatment options for, 26t 
indirect vs. direct, 362t Single retentive elements, 392t, 393-396 
long span fixed, 27 Single-rooted decayed tooth, 16-19 
segmental compared to full-arch congruent I-T, 377t cost analysis of treatment options for, 23t 
type 1 congruent implant-retained fixed, 378 treatment options for, 23t 
type 1/type 2, fixed prosthesis, 391t Single tooth removal 
definition, 295 
Recombinant human bone morphogenetic protein 2 extraction socket assessment, 297 
(trhBMP-2), 289 extraction technique, 297 
Regenerated bone implant placement in compromised sites, 307-311 
maintenance without implant placement, 105 implant placement of tooth removal in esthetic zone, 
stability of, 104-105 298-299 
Removable prosthesis infection, 297 
diagnostic criteria (clinical/radiographic), 392-393 influence of patient biotype on final abutment selection, 


role of implants, 392 306-307 
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Single tooth removal (continue) 
patient examination and workup in, 295 
specific examination and treatment planning, 
296-297 
treatment approach, selection of, 297-298 
Sinus augmentation therapy, 28-29 
Caldwell-Luc, 183-184 
with concomitant implant placement, 151-159 
contraindications to, 144 
crestal window, 150-151 
and implant placement at time of extraction of 
maxillary molars, 223-224 
lateral approach, 164-167 
lateral window sinus, 145-151 
with concomitant implant placement, 151-159 
of maxillary molar extraction, 224-228 
osteotome, 167-172 
PRGF utilization in, 191 
procedures performed by technical approach, 
154t 
sinus membrane perforations, errors of, 148-149 
technical approach, 154t 
Sinus membrane perforations 
class I, 186-187 
class II, 187-188 
class IIA, 188 
class IIB, 188 
results of treated, 185-186t 
Socket debridement (tooth extraction), 282-283 
Soft tissue 
evaluation, for tooth replacement, 126-128 
management of, 5-9, 51-67 
Specific clinical scenarios, implant placement 
missing maxillary first molar, 27-30 
multiple missing adjacent posterior teeth, 27 
single missing tooth, 24-25 
single-rooted decayed tooth, 16-19 
Splinted bar-retained prosthesis, 392t, 396-397 
Staged treatment 
congruent I-T prosthesis, 379-380 
noncongruent I-T prosthesis, 387-388 
Successful implant utilization 
global prerequisites of successful, 203t 
prerequisites for, 205t 


Supported removable prosthesis. See Implant retained 


prosthesis 
Surgery, dental replacement, 328-330 
Surgical guide 
type-I prosthesis 
implant design, 379 
loading protocol and transition phase, 
380-381 


staged treatment, 379-380 
timing of placement, 379 
type 2 prosthesis 
implant design and number, 387 
loading protocols, 388 
staged treatment and transition phase, 
387-388 
Surgical wound, suturing of, 289 
Suturing materials/techniques, 67-68 


Technology development, PRGF, 114-115 
Temporary restorations/postoperative care 
adjustment in tooth extraction, 289-290 
TGF-a. See Transforming growth factor-a 
Therapeutic applications, PRGF, 116-119 
Tooth extraction 
esthetic zone 
external dimensional changes, 273-275 
internal healing (remodeling), 273 
scientific data supporting alveolar ridge 
preservation, 275-277 
and implant placement, 263-267 
internal healing, 275-277 
in posterior maxilla, 219-220 
as reconstructive event, 80 
Tooth loss/treatment options 
side effects, 123t 
Trajectory, alveolus, 279 
Transforming growth factor-a (TGF-q), 113 
Treatment algorithms development, implant 
placement 
clinical example for, 14-16, 19-24 
eliminating less predictable therapies, 
30-32 
financial algorithms, 16 
influence of patient health on treatment plan 
selection, 32-35 
longitudinal human studies, 9-13 
osseous resective techniques, 4-9 
resective therapy, 3-4 
specific clinical scenarios, 16-19 
missing maxillary first molar, 27-30 
multiple missing adjacent posterior teeth, 27 
single missing tooth, 24-25 
single-rooted decayed tooth, 16-19 
when faced active periodontal disease, 1-3 
Treatment options 
atrophic ridge, 90t 
for implant placement, 90-91t, 93-94t, 96t 
missing maxillary first molar, 28, 29t 
to teeth regeneration, 102 
for treatment planning exercise, 96t 


Treatment outcome maximization, 109 
Treatment planning 
for dental implantation, 124-125 
in GBR, 89-107 
multirooted maxillary teeth extraction, 
231-235 
Treatment selection 
for edentulous maxillary jaw, 370 
following extraction of two-rooted maxillary 
bicuspid, 246f 
multirooted maxillary teeth extraction, 247 
for posterior maxilla augmentation, 182-184 


Index 405 


Two-rooted maxillary bicuspid 
treatment selection, 246f 

Type 1: congruent I-T prosthesis, 375, 378t 
clinical/radiographic diagnostic criteria, 376-377 
design options using segmental restoration, 383-384 
of implant and pontic positioning/optimal esthetics, 

381-383 

implant position determination, 378 


Vascular endothelial growth factor (VEGF), 113, 116 
VEGF. See Vascular endothelial growth factor 
Virgin teeth, 24-25 


“Our definition of success is limited by our perception of possibilities.” 


— Gerald M. Kramer 


“There are some things you do and some things you do not do.” 


- Confucius 


